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PREFACE TO THE FOURTH EDITION, 



It has been the author's endeavor to bring this new edition 
fully up to the hour, and therefore several chapters, especially 
those treating on Immunity and Infection, have been rewritten 
entirely. The Widal agglutination test is fully described in 
connection with the bacillus of typhoid fever. Descriptions 
of the bacillus of yellow fever (bacillus icteroides) and 
the bacillus of the bubonic pest have been added. So care- 
fully have the earlier workers laid the foundations that one 
finds but little to change in the descriptions of the vstrious 
germs, and but little new to add. When this book first ap- 
peared, some nine years ago, bacteriology in this country at 
least was in its infancy, a bacteriologic laboratory was un- 
known here, there were no American text-books, and only one 
good English book; to-day, not only medical colleges, but 
many high schools have departments and laboratories of 
bacteriology, and the health department of a large city is in- 
complete without an expert bacteriologist. In these few years 
the knowledge known to the few has become the property of 
the many, yet much remains to be discovered ; there are many 
diseases clearly infectious in their nature for which no germs 
have been found, and for the investigation of such diseases 
this country should spend its wealth freely. There should be 
a greater number of experimental laboratories and fellowships 
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to support young men while pursuing such investigations. 
Bacteriology in America is out of the cradle stage ; the next 
decade must witness the rise of the investigators and the dis- 
coverers. 

The author feels a certain pride in the fact that though so 
many good books relating to bacteriology have of late been 
published, his little work still finds so good a sale as to war- 
rant a new edition, and this in spite of the fact that he is 
unconnected with any teaching institution. 

M. V. BALL. 
Wareen, Penna. 



PREFACE TO FIRST EDITION. 



Feeling the need of a Compendium on the subject of 
this work, it has been our aim to produce a concise treatise 
upon the Practical Bacteriology of to-day, chiefly for the 
medical student, which he may use in his laboratory. 

It is the result of experience gained in the Laboratory 
of the Hygienical Institute, Berlin, under the guidance of 
Koch and Frankel; and of information gathered from the 
original works of other German, as well as of French, 
bacteriologists. 

Theory and obsolete methods have been slightly touched 
upon. The scope of the work, and want of space, forbade 
adequate consideration of them. The exact measurements 
of bacteria have not been given. The same bacterium 
varies often much in size, owing to differences in the media, 
staining, etc. 

We have received special help from the following books, 
which we recommend to students for further reference : — 

Mac£: Trait6 pratique de Bacteriologie. 
Frankel: Grundriss der Bakterienkunde. 
Eisenberg: Bakteriologische Diagnostik. 
Crookschank, E. M. : Manual of Bacteriology. 
Gunther: Einnihring in das Studium der Bacteriologie, etc. 
WoODHEAD AND Hare : Pathological Mycology. 
Salmonsen: Bacteriological Technique (English translation). 



M. V. BALL. 



Buffalo, N. Y., October 1, 1891. 
62 Delaware Avenue. 
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INTRODUCTION. 



History. — The microscope was invented about the latter 
parfe of the sixteenth century ; and soon after, by its aid, 
minute organisms were found in decomposing substances. 
Kircher, in 1646, suggested that diseases might be due to 
similar organisms ; but the means at his disposal were in- 
suflBcient to enable him to prove his theories. Anthony 
Van Leuwenhoeck, of Delft, Holland (1680 to 1723), so 
improved the instrument that he was enabled thereby to 
discover micro-organisms in vegetable infusion, saliva, fecal 
matter, and scrapings from the teeth. He distinguished 
several varieties, showed them to have the power of loco- 
motion, and compared them in size with various grains of 
definite measurement. It was a great service that this 
"Dutch naturalist" rendered the world; and he can rightly 
be called the *' father of microscopy." 

Various theories were then formulated by physicians to 
connect the origin of different diseases with bacteria; but no 
proofs of the connection could be obtained. Andry, in ITOl, 
called bacteria worms. Miiller, of Copenhagen, in 1786, made 
a classification composed of two main divisions — monas and 
vibrio ; and with the aid of the compound microscope w^as 
better able to describe them. Ehrenberg, in 1833, with still 
better instruments, divided bacteria into four orders : bac- 
terium, vibrio, spirillum, and spirochaete. It was not until 
1863 that any positive advance was made in connecting 
bacteria with disease. Rayer and Davaine had in 1850 
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already found a rod-shaped bacterium in the blood of ani* 
mals suffering from splenic fever (sang de rate)^ but they 
attached no special significance to their discovery until 
Pasteur made public his grand researches in regard to fer- 
mentation and the role bacteria played in the economy. 
Then Davaine resumed his studies, and in 1863 established 
by experiments the bacterial nature of splenic fever or an- 
thrax. 

But the first complete study of a contagious affection was 
made by Pasteur in 1869, in the diseases affecting silk-wOrms 
— pebrine and flacherie — which he showed to be due to micro- 
organisms. 

Then Koch, in 1875, described more fully the anthrax 
bacillus, gave a description of its spores and the properties 
of the same, and was enabled to cultivate the germ on arti- 
ficial media ; and, to complete the chain of evidence, Pas- 
teur and his pupils supplied the last link by reproducing the 
same di^^ease in animals by artificial inoculation from pure 
cultures. The study of the bacterial nature of anthrax has 
been the basis of our knowledge of all contagious maladies, 
and most advances have been made first with the bacterium 
of that disease. 

Since then bacteriology has grown to huge proportions — 
become a science in itself — and thousands of earnest workers 
are adding yearly solid blocks of fact to the structure, which 
structure it will be our aim to briefly describe in the pages 
which are to follow. 
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PART I. 
GENERAL COKSIDERATIONS. 



CHAPTER I. 

BACTERIA. 

Bacteria (3axt'jfptoi/, little staff) is the name given to a group 
of the lowest form of plants, very closely following the algse. 
They were called Fission- Fungi or Schizomycetes ((y;t^«) to cleave, 
^vagiys, fungus), because it was thought that, as the Fungi, they 
lived without the chlorophyll. The word fission was supplied 
to distinguish them from moulds and yeasts, it denoting the 
manner of reproduction. Since several bacteria have been 
found to possess chlorophyll, and as a great many increase in 
other ways than by simple fission — the. name of Schizomycetes 
can no longer be applied, though the word Bacteria leaves much 
to be desired. 

Classification. Ferdinand Cohn, in the middle of the present 
century, was the first to demonstrate bacteria to be of vegetable 
origin, they being placed previous to that among the infusoria. 
He arranged them according to their form under four divisions. 

Cohn's System. I. Spherobacteria (globules). 
II. Microbacteria (short rods). 

III. Desmobacteria (long rods). 

IV. Spirobacteria (spirals). 

As expressed at the present time, Micrococcus, Bacillus, and 
Spirillum. This classification is very superficial, but because a 
better one has not been found it is most in use to-day. 

2 (17) 
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Be Bary's System. De Bary divides bacteria into two groups, 
those arising from or giving rise to endospores and those devel- 
oped from arthrospores. This division has a more scientific 
value than the first. 
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-r/ 



JsjTfT' 



Micrococcus. Spirillum. Bacillus. 

Strnctare. Bacteria are cells ; they appear as round or cylin- 
drical of an average diameter or transverse section of 0.001 mm. 
(=1 micromillimeter), written 1 fi. The cell, as other plant- 
cells, is composed. of a membranous cell- wall and cell-contents ; 
"cell-nuclei" have not yet been observed, but the latest re- 
searches point to their presence. 

Cell-WalL The cell-wall is composed either of plant cellu- 
lose, or a form of albumin, since it is less permeable than cellu- 
lose membrane. The membrane is firm, and can be brought 
plainly into view by the action of iodin upon the cell-contents, 
which contracts them. 

Cell-Contents. The contents of the cell consist mainly of 
protoplasm, usually homogeneous, but in some varieties, finely 
granular, or holding pigment, chlorophyll, granulose, and sul- 
phur in its structure. 

It is composed chiefly of mycojyrotein, 

Oelatinous Membrane. The outer layer of the cell-membrane 
can absorb water and become gelatinoid, forming either a little 
envelope or capsule around the bacterium or preventing the 
separation of the newly-branched germs, forming chains and 
bunches, as strepto- and staphylococci. Long filaments are also 
formed. 

Zoogloea. When this gelatinous membrane is very thick, irre- 
gular masses of bacteria will be formed, the whole growth being 
in one jelly-like lump. This is termed a zoogloea (f^oi/, animal, 
yXotoj, glue). 

Locomotion* Many bacteria possess the faculty of self-move- 
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ment, carrying themselves in all manner of ways across the 
microscopic field, some very quickly, others leisurely. 

Vibratory Movements. Some bacteria vibrate in themselves, 
appearing to move, but they do not change their place ; these 
movements are denoted as molecular or "^rowmian." 

Fig. 2. 




Zoogloea. 

Flagella. Little threads or lashes are found attached to many 
of the motile bacteria, either at the poles or along the sides, 
sometimes only one, and on some several, forming a tuft. 

These flagella are in constant motion and can probably be 
considered as the organs of locomotion ; they have not yet been 
discovered upon all the motile bacteria, owing no doubt to our 
imperfect methods of observation. They can be stained and 
have been photographed. See Fig. 3. Flagella serve some- 
times to increase food-supply, and have been found on some 
species which are non-motile. 

Reprodnction. Bacteria multiply either through simple divi- 
Man or through fructification by means of small round or oval 
bodies called spores from spora (seed.) In the first case, division^ 
the cell elongates, and at one portion, usually the middle, the 
cell-wall indents itself gradually, forming a septum and dividing 
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the cell into two equal parts, just as occurs in the higher plant 
and animal cells. See Fig. 4. 



Fig. 3. 




Flagella. 



Successive divisions take place, the new members either exist- 
ing as separate cells or forming part of a community or group. 

Fig. 4. 




Division of a MicrococcuB. (After Mac6.) 




« 






Division of a Bacillus. (After Mac6.) 



Snore Formations. Two forms of sporulation, Mtd^sporous and 
AJiTOspfyrous. First, a small granule develops in the protoplasm 
of a bacterium, this increases in size, or several little granules 
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coalesce to form an elongated, highly refractive, clearly defined 
object, rapidly attaining its real size, and this is the spore. The 
remainder of the cell-contents has now disappeared, leaving 
the spore in a dark, very resistant, membrane or capsule, and 
beyond this the weak cell-wall. The cell-wall dissolves gradu- 
ally or stretches and allows the spore to be set free. 

Each bacterium gives rise to but one spore. It may be at 
either end or in the middle (Fig. 5). Some rods take on a pecu- 
liar shape at the site of the spore, making the rod look like a 
drum-stick or spindle, Clostridium (Fig. 6). 



Fig. 5. 



Fig. 6. 





Sporulation. After De Bary. 



Clostridium. 



Spore Contents. What the real contents of spores are is not 
known. In the mother cell at the site of the spore little gran- 
ules have been found which stain differently from the rest of 
the cell, and these are supposed to be the beginnings, the spcrro- 
genie bodies. The most important part of the spore is its ccip- 
sule; to this it owes its resisting properties. It consists of two 
separate layers, a thin membrane around the cell, and a firm 
outer gelatinous envelope. 

Oermination. When brought into favorable conditions, the 
spore begins to lose its shining appearance, the outer firm mem- 
brane begins to swell, and it now assumes the shape and size 
of the cell from which it sprang, the capsule having burst, so as 
to allow the young bacillus to be set free. 
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Requisites for Spore Eormation. It was formerly thought that 
when the substratum could no longer maintain it, or had become 
infiltrated with detrimental products, the bacterium-cell pro- 
duced spores, or rather turned itself into a spore to escape anni- 
hilation ; but we know now that only when the conditions are 
the most favorable to the well-being of the cell, does it produce 
fruit, just as with every other type of plant or animal life, a cer- 
tain amount of oxygen and heat being necessary for good spore 
formation. 

Asporogenic Bacteria. Bacteria can be so damaged that they 
will remain sterile, not produce any spores. This condition can 
be temporary only, or permanent. 

Artlirosporons. All the above remarks relate to Endospores, 
spores that arise within the cells. 

In the other group called Arthrospores, individual members 
of a colony or aggregation leave the same, and become the origi- 
nators of new colonies, thus assuming tiie character of spores. 

The Micrococci furfiish examples of this form. 

Some authorities have denied the existence of the .arthro- 
sporous formation. 

Resistance of Spores. Because of the very tenacious envelope, 
the spore is not easily influenced by external measures. It is 
said to be the most resisting object of the organic world. 

Chemical and physical agents that easily destroy other life 
liave very little effect upon it. 

Many spores require a temperature of 140^ C. dry heat for 
several hours to destroy them. The spores of a variety of potato- 
bacillus (bacillus mesentericus) can withstand the application of 
steam at 100° C. for four hours. 



CHAPTER II. 

ORIGIN OP BACTERIA AND THEIR DISTRIBUTION. 

As Pasteur has shown, all bacteria develop from pre-existing 

bacteria, or the spores of the same. They cannot arise de novo. 

The wide and almost universal diffusion of bacteria is due to 
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the minuteness of the cells and the few requirements for their 
existence. In a drop of water 1700 million cocci can find room. 

Very few places are free from germs ; the air on the high seas, 
and on the mountain tops, is said to be free from bacteria, 
but it is questionable. 

One kind of bacterium will not produce another kind. 

A bacillus does not arise from a micrococcus or the typhoid 
fever bacillus produce the bacillus of tetanus. 

This subject has been long and well discussed, and it would 
take many pages to state the " pros" and " cons," therefore, this 
positive statement is made, it being the position now held by the 
principal authorities. 

Saprophytes and Parasites. {Saprophytes, ganp6g, putrid, <pvt6v, 
plant. ParasiteSy napd^ aside of, ffZrof, food.) Those bacteria 
which live on the dead remains of organic life are known as 
Saprophytic Bacteria, and those which choose the living bodies 
of their fellow-creatures for their habitat are. called Parasitic 
Bacteria. Some, however, develop equally well as Saprophytes 
and Parasites. They are called Facultative Parasites, 

Conditions of Life and Growth of Bacteria. Influence of Tem- 
perature, — In general, a temperature ranging from 10^ C. to 40^ 
C. is necessary to their life and growth. 

Saprophytes take the lower temperatures ; Parasites, the tem- 
perature more approaching the animal heat of the warm-blooded. 
Some forms require a nearly constant heat, growing within very 
small limits, as the Bacillus of Tuberculosis. 

Some forms can be arrested in their development by a warmer 
or colder temperature, and then restored to activity by a return 
to the natural heat. 

A few varieties exist only at freezing point of water ; and 
others again will not live under a temperature of 60° C. 

For the majority of Bacteria a temperature of 60° C. is de- 
structive ; and several times freezing and thawing very fatal. 

Influence of Oxygen. — Two varieties of bacteria in relation to 
oxygen. The one serobic, growing in air; the other, anaerobic^ 
living without air. 

Obligate aerobins, those wJiich exist only when oxygen is present. 

FaxmUative aerobins, those that live best when oxygen is present, 
but can live without it. 
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Obligate or true anserobins, those which cannot exist where 
oxygen is. Facultative anasrobins, those which exist better where 
there is no oxygen, but can live in its presence. 

Some derive the oxygen which they require out of their nutri- 
ment, so that a bacterium may be aerobic and yet not require 
the presence of free oxygen. 

^robins may consume the free oxygen of a region and thus 
allow the anaerobius to develop. By improved methods of cul- 
ture many varieties of anserobins have been discovered. 

Influence of iigf/^t.— Sunlight is very destructive to bacteria. 
A few hours' exposure to the sun has been fatal to anthrax 
bacilli, and the cultures of bacillus tuberculosis. The sun's 
rays, however, must come in direct contact with the germs, and 
are usually only active on the surface-cultures. 

Effects of Electricity. — Electricity arrests growth. 

Effects of Rontgen Rays. — No action on the growth, though the 
heat of the rays sometimes retards growth. 

Vital Actions of Microbes. Bacteria feeding upon organic com- 
pounds produce chemical changes in them, not only by the with- 
drawal of certain elements, but also by the excretion of these 
elements changed by digestion. Sometimes such changes are 
destructive to themselves, as when lactic and butyric acids are 
formed in the media. 

Oxidation and reduction are carried on by some bacteria. Am- 
monia, hydrogen sulphide, and trimethylamin are a few of the 
chemical products produced by bacteria. Nitrites in the soil 
are reduced to ammonia. 

Nitrification. — Albuminoids changed into indol, skatol, leucin,* 
etc. ; then these into ammonia. ^ Ammonia into nitrites. Ni- 
trites into nitrates. 

Ptomaines. Brieger found a number of complex alkaloids, 
closely resembling those found in ordinary plants, and which 
he named ptomaines, from Trrcjfia (corpse), because obtained 
from putrefying objects. 

Proteins. The components of the bacterial cell may cause 
inflammation and fever. 

Putrefaction. When fermentation is accompanied by devel- 
opment of offensive gases a decomposition occurs, which is 
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called putrefaction, and this, in organic substance^, is due 
entirely to bacteria. 

Producers of Disease. Various pathological processes are 
caused by bacteria, the name given to such diseases being in- 
fectious diseases y and the germs themselves called disease-pro- 
ducing or pathogenic ba^detia. Those which do not form any 
pathological process are called non-pathogenic bacteria. 

Ferments are diastatic, changing starch into sugar ; proteolytic^ 
transforming albumins into more soluble substances; gelatin 
liquefaction is an example. 

Inverting y changing a sugar from one that does not undergo 
fermentation into one that does. 

' Coagulaiing, Jat'Splittingy hydrolyiic ferments are some of the 
other varieties. 

Toxins and Toxalbnmins are various albuminoids produced 
in the animal organism and in culture-media which are very 
poisonous, and are considered the prime cause of disease. 

Pigmentation. Some bacteria are endowed with the property 
of forming pigments either in themselves, or producing a chro- 
mogenic body which, when set free, gives rise to tlie pigment. 
In some cases the pigments have been isolated and many of the 
properties of the aniline dyes discovered in them. 

Phosphorescence. Many bacteria have the power to form 
light, giving to various objects which they inhabit a character- 
istic glow or phosphorescence. 

Fluorescence. An iridescence, or play of colors;, develops in 
some of the bacterial cultures. 

Oas Formation. Many bacteria, anaerobic ones especially, 
produce gases, noxious and odorless ; in the culture-media the 
bubbles which arise soon displace the media. 

Odors. Some germs form odors characteristic of them : some 
are pleasant and even fragrant ; others, foul and nauseous. 

Effect of Age. "With age, bacteria lose their strength and die. 

Bacteria thus carry on all the functions of higher organized 
life ; they breathe, eat, digest, excrete, and multiply ; and they 
are very busy workers. 
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CHAPTER III. 



METHODS OF EXAMINATION. 



We divide the further study of the general characteristics of 
Bacteria into two portions : — 

First. The examination of bacteria by aid of the microscope. 
Second, The continued study through artificial cultivation. 
They both go hand in hand ; the one incomplete without the 
other. 

Microscopical. The ordinary microscope will not suffice, for 
Bacteriologic research. Certain special appliances must first 
be added. It is not so much required to have a picture very 
large, as to have it sharp and clear. 

Oil Immersion Lens. The penetration and clearness of a lens 
are very much influenced by the absorption of the rays of light 
emerging from the picture. In the ordinary dry system, many 
of the light rays, being bent outward by the air which is be- 
tween the object and the lens, do not enter the lens, and are 
lost. By interposing an agent which has the same refractive 
index as glass, cedar-oil^ or clove-oil., for example, all the rays 
of light from the object enter directly into the lens. 

The "Homogeneous System," or oil-immersion lens, consists 
of a system of lenses which can be dipped into a drop of cedar- 
oil placed upon the cover-glass, and which is then ready for use. 
Abbe's Condenser. The second necessary adjunct is a com- 
bination of lenses placed underneath the stage, for bringing 

wide rays of light directly under 

the object. It serves to intensify 

.the colored pictures by absorbing 

or hiding the unstained structure. 

This is very useful in searching 
a specimen for bacteria, since it 
clears the field of everything that 
is not stained. It is called Abbe's 
Condenser. Together with it is 
usually found an instrument for 



Fig. 7. 




Abbe's Condenser. 
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shutting off part of the light — a blender or diaphragm. When 
the bacteria have been found, and their relation to the structure 
is then wished to be studied, the " Abbe " is generally shut out 
by the Iris blender, and the structure comes more plainly into 
view. A white light (daylight or a Welsbach burner) is best 
for bacterial study. 



Fig. 8. 




Iris Blender. 



For all stained Bacteria the oil immersion lens and Abbe con- 
denser, without the use of Blender. For unstained specimens^ 
oil immersion and the narrowed blender. 

When examining with low power objective, use a strong 
ocular. When using high power objective use toeak ocular. A 
nose-piece will be found very useful, since it is sometimes neces- 
sar}'^ to change the objective on the same field, and this insures 
a great steadiness of the object. 

Great cleanliness is needed in all bacteriological methods ; but 
nowhere more so than in the microscopical examination. 

The cover-glass should be very (Carefully washed in alcohol, 
and dried with a soft linen rag. To remove the stains on the 
cover-glasses that have been used, they should be soaked in 
hydrochloric acid. 

They are well cleaned by cooking fifteen minutes in a ten per 
cent, lysol solution. 

Examination of Unstained Bacteria. As the coloring of bac- 
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teria kills them and Changes their shape to some extent, it is pre- 
ferable to examine them when possible in their natural state. 

We obtain the bacteria for examination, either from liquid or 
solid media. 

From .Liquids. With a long platinum needle, the end of which 
is bent into a loop, we obtain a small drop from the liquid con- 
taining the bacteria, and place it on a cover-glass or slide ; 
careful that no bubbles remain. 

Sterilize Instruments. Eight here we might say that it is 
best to accustom one's self to passing all instruments, needles, 
etc., through the flame before and after each procedure ; it in- 
sures safety ; and once in the habit, it will be done automati- 
cally. 

From Solid Media. With a straight-pointed platinum needle, 
a small pinch of the medium is taken and rubbed upon a glass 
slide, with a drop of sterilized water, or bouillon, and from this 
a little is taken on cover-glass, as before. 

Fig. 9. 




Platinum Needles. 

The cover-glass with its drop is now placed on the glass slide, 
carefully pressing out all bubbles. Then a drop of cedar-oil is 
laid on top of the cover-glass, and the oil immersion lens dipped 
gently down into it as close as possible to the cover-glass, 
the narrow blender shutting off the Abbe condenser, for this 
being an unstained specimen, we want but little light. We 
now apply the eye, and if not in focus, use the fine adjust- 
ment or the coarse, but always away from the object— i. e. towards 
us — since the distance between the specimen and the lens 
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is very slight, it does not require much turning to break the 
cover-glass and ruin the specimen. Having found the bacte- 
rium, we see whether it be bacillus, micrococcus, or spirillum ; 
discover if it be motile, or not. That is about all we can ascer- 
tain by this method. 

Fig. 10. 




Hanging Drop in Concave Glass Slide. 

Hanging Drop. When the looped platinum needle is dipped 
into a liquid, a very finely-formed globule will hang to it ; this 
can be brought into a little cupped glass slide (an ordinary 
microscopic glass slide with a circular depression in the centre) 
in the following manner : The drop is first brought upon a 
cover-glass ; the edges of the concavity on the glass slide are 
smeared with vaseline, and the slide inverted over the drop; 
the cover-glass sticks to the smeared slide, which, when turned 
over, holds the drop in the depression covered by the cover- 
glass, thus forming an air-tight cell ; here the drop cannot 
evaporate. 

Search for the bacteria with a weak lens ; having found them, 
place a drop of cedar-oil upon the cover-glass, and bring the oil 
immersion into place (here is where a nose-piece comes in ver}'^ 
usefully), careful not to press against the cell, for the cover- 
glasses are very fragile in this position. 

Search the edges of the drop rather than the middle ; the bac- 
teria will usually be very thick in the centre and not so easily 
distinguished. 
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Spores, automatic movements, fission, and cultivation in 
general can be studied for several days. This moist chamber 
can be placed in a brood-oven or on the ordinary warming 
stages of the microscope. 

Agglutination as observed in Widal's test is best seen in the 
hanging drop. 



CHAPTER IV. 

STAINING OF BACTERIA. 

Staining or coloring bacteria is done in order to make them 
prominent, and to obtain permanent specimens. It is also 
necessary to bring out the structure of the bacteria, and 
serves in many instances as a means of diagnosis ; and lastly, 
it would be well-nigh impossible to discover them in the tissues, 
without staining. 

Only since the anilin colors have come into active' use, has 
the technology of staining become developed, 

ATiilin Colors. Of the numerous dyes in the market, nearly 
all have, at one time or other, been used in staining bacteria. 
But now only a very few find general use, and with methyline 
blue and fuchsin nearly every object can be accomplished. 

Basic and Acid Dyes. Ehrlich was the first to divide the 
anilin dyes into two groups, the basic colors to which belong— 
Gentian violet. 
Methyl violet, 
Methylin blue, 
Fuchsin, 
Bismark-brown, 
And the acid colors to which eosin and acid-fuchsin belong. 

The basic dyes stain the bacteria and the nuclei of cells ; the 
acid dyes stain chiefly the tissue, leaving the bacteria almost 
untouched. Carmine and Hoematoxylin are also useful as con- 
trast stains, afiecting bacteria very slightly. The anilin dyes 
are soluble in alcohol or water or a mixture of the two. 

Staining Solutions. A saturated solution of the dye is made 
with alcohol. This is called the stock or concentrated solution ; 
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1 part of this solution to about 100 parts of distilled water con- 
stitutes the ordinary aqueous solution in use or iceak solution. 

It is readily made by adding to an ounce bottle of distilled 
water enough of the strong solution until the fluid is still opaque 
in the body of the bottle, but clear in the neck of the same. 

These weak solutions should be renetoed every three or four 
weeks, otherwise the precipitates formed will interfere with the 
staining. 

Compound Solutions. By means of certain chemical agents, 
the intensity of the aniline dyes can be greatly increased. 

Mordants. Agents that "ftife" into the specimen carrying 
the stain with them, depositing it in the deeper layers, are 
called mordants or etchers. 

Various metallic salts and vegetable acids are used for such 
purpose. 

The mother liquid of the anilin dyes, anilin oil, a member of 
the aromatic benzol group, has also this property. 

AtiiHti Oil Water. Anilin oil is shaken up with water and 
then filtered; the anilin water so obtained is mixed with the 
dyes, forming the " anilin water gentian violet " or anilin water 
fuchsin, etc. 

Carbol Euchsin. Carbolic acid can be used instead of anilin 
oil, and forms one of the main ingredients of Ziehl's or Neelsen's 
solution, used principally in staining bacillus tuberculosis. 
Kiihne has a carbol- methylin blue made similar to the carbol 
fuchsin. 

Alkaline Stains. Alkalies have the same object as the above 
agents; namely, to intensify the picture. Potassium hydrate, 
ammon. carbonate, and sodium hydrate are used. 

Loffler's alkaline blue and Koch's weak alkaline blue have in 
them potassium. 

Heat. Warming or boiling the stains during the process of 
staining increases their intensit}'. 

Decolorizing Agents. The object is usually over-colored in 
some part, and then decolorizing agents are employed. Water is 
sufficient for many cases ; alcohol and strong mineral acids com- 
bined are necessary in some. 
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lodin as used in Oram's Method. Belonging to this group, 
but used more in the sense of a protective, is tincture of iodin. 
It picks out certain bacteria, which it coats; prevents them from 
beiiig decolorized, but allows all else to be faded. Then by 
using one of the acid or tissue dyes, a contrast color or double 
staining is obtained. Many of the more important bacteria are 
not acted upon by the iodin, and it thus becomes a very useful 
means of diagnosis. 

FormnlaB of different Staining Solutions. 

I. — Saturated Alcokolic Solviion, 
Place about 10 grammes of the powdered dye in a bottle and 
add 40 grammes of alcohol. Shake well and allow to settle. 
This can be used as the stock bottle. 

II. — Weak Solvtions. 
Made best by adding about 1 part of number I. or stock solu- 
tion to 10 of distilled water. This is the ordinary solution in use. 

III. — Anilin Oil Water. 

Aniline oil 5 parts. 

Distilled water .... 100 parts. — M. 
Shake well and filter. To be made fresh each time. 

TV, — Anilin Water Dyes. 
Sat. alcoh. sol. of the dye . . 11 parts. 
Aniline oil water .... 100 parts. 

Abs. alcohol 10 parts, — ^M. 

Can be kept 10 days. 

V. — Alkaline Methylin Blue. 

A. Lqffler^s. 

Sat. ale. sol. methylin blue . . 30 
Sol. potass, hydrat. (1-10,000) . 100— M. 

B. Koch's. 

Sol. potass, hydrat. (10 per cent.) 0.2 

Sat. ale. sol. methyl, blue . . 1.0 
Distilled water , , . , 200.0— M, 
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VL— Carbolic Acid Solutions, 

A. ZiehJrNedsen. 

Fuchsin (powd.) .... 1 part. 

Alcohol 10 parts. 

5 per cent. sol. acid, carbolic . 100 parts.— M. 
Filter. The older the solution the better. 

B. KiJhne. 

Methylin blue . . . . 1.5 

Alcohol 10.0 

5 per cent. sol. ac. carboL . . 100.0 
Add the acid gradually. This solution loses strength with age. 

VII. — QravfCs lodin Solution. 

Iodine 1 

Potass, iod 2 

Aqu» destillat 300.— M. 

YIU,—L6ffler'8 Mordant (for flagella). 
Aq. sol. of tannin (20 per cent.) . 10 parts. 
Aq. sol. ferri sulph. (5 per cent.) . 1 part. 
Aquae decoc. of logwood (IS) . 4 parts. — M. 
Keep in well-corked bottle. 

IX. — Unnd's Borax Methyl Blue. 

Borax 1 part 

Methyl blue 1 part. 

Water 100 parts.— M. 

X. — Odbbet^s Acid Blue (rapid stain). 
Methylin blue .... 2 
25 per cent, sulphuric acid . . 100.— M. 

XI. — Alkaline Anilin Water Solutions. 
Sodium hydrat. (1 per cent.) . . 1 
Aniline oil water .... 100. — M. 
And add — 

Fuchsin, or methyl- violet pow<}, , 4 
Cork well. Filter before using, 
3 
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XII. — Roux^s Double Stain, 
Dahlia or gentian violet . . . 0.5 gramme. 

Methyl green 1.5 " 

Distilled water 200.0 grammes. — M. 

Use as other stains, without add. 

XIII. — Nmser's Stain, (For Diphtheria.) 

Solution I. 

Methylin blue 1 gramme. 

Alcohol (96 per cent.) ... 20 c.c. 

Dissolve and add water . . . 950 c.c. 

Glacial acetic acid .... 50 c.c. — ^M. 

Solution II. 

Vesuvin 2 grammes. 

Water 1000 c.c— M. 

Stain cover-glasses (1) three seconds in Sol. I. ; (2) wash in 
water ; (3) three seconds in No. 2 ; (4) wash in water. Body of 
bacillus, brown ; oval granules at each end, blue. 

XIV. — CarboUhionin. (Nicolle.) 

Sat. sol. thionin in ale. (90 per cent.) 10 c.c. 
Aqueous sol. ac. carbol. (1 per cent.) 100 c.c. — M. 
Stain sections, one-half to one minute. 
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CHAPTER V. 

GENERAL METHOD OP STAINING SPECIMENS. 

Cover-OIass Preparations. The material is evenly spread in 
as thin a layer as possible upon a cover-glass ; then, to spread 
it still more finely, a second cover-glass is pressed down upon 
the first and the two slid apart. This also secures two speci- 
mens. Before they can be stained they must be perfectly dry, 
otherwise deformities will arise in the structure. 

Drying the Specimen.— The cover-glass can be set aside to dry, 
or held in the fingers over the Bunsen burner (the fingers prevent- 
ing too great a degree of heat). Since most of the specimens 
contain a certain amount of albumenoid material, it is best in 
all cases to "fix" it, i, e., to coagulate the albumen. This is 
accomplished by passing the cover-glass (after the specimen is 
dry) three times through the flame of the burner, about three 
seconds being consumed in doing so, the glass being held in a 
small forceps, smeared side up. 

The best forceps for grasping cover-glasses is a bent one, bent 
again upward, near the ends. (Fig. 11.) It prevents the flame 
or staining-fluid from reaching the fingers. 

Fig. U. 




Author's Bent Forceps for Holding Cover-glass over Flama 



The object is now ready for staining. 

Staining. — A few drops of the staining solution are placed 
upon the cover-glass so that the whole specimen is covered, 
and it is left on a few minutes, the time depending upon the 
variety, the strength of stain, and the object desired. Instead 
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of placing the dye upon the object, the cover-glass can be im- 
mersed in a small glass dish containing the solution ; or, if 
heat is desired to intensify or hasten the process, a watch- 
crystal holding the stain is placed over a Bunsen burner and 
in it the cover-glass ; and, again, the cover-glass can be held 
directly in the flame with the staining fluid upon it, which 
must be constantly renewed until the process is completed, 
or the cover-glass can be heated in a test-tube. 

Removing Excess of Stain. The surplus stain is washed off 
by dipping the glass in distilled water. 

The water is rerru/oed by drying between filter paper or 
simply allowed to run off by standing the cover-glass slant- 
wise against an object. Wheli the specimen is to be examined 
in water (which is always best with the first preparation of 
the specimen, as the Canada balsam destroys to some extent 
the natural appearance of the bacteria), a small drop of ster- 
ilized water is placed upon the glass slide, and the cover-glass 
dropped gently down upon it, so that the cover-glass remains 
adherent to the slide. 

The dry system or the oil-immersion can now be used. 

When the object has been sufficiently examined it can be per- 
manently mounted by lifting the cover-glass off* the slide (this 
is facilitated by letting a little water flow under it, one end 
being slightly elevated). The water that still adheres is dried 
off* in the air or gently over the flame, and when perfectly dry 
it is placed upon the drop of Canada balsam which has been put 
upon the glass slide. 

In placing the cover-glass in the staining solutions one must 
be careful to remember which is the spread side. 

By holding it between yourself and the window, and scraping 
the sides carefully with the sharp point of the forceps, the side 
having the specimen on it will show the marks of the instrument. 

Little glass dishes, about one-half-dozen, should be at hand 
for containing the various stains and decolorants. 

Tissue Preparations. In order to obtain suitable specimens 
for staining, very thin sections of the tissue must be made. 

As with histological preparations, the tissue must be hardened 
before it can be cut thin enough. Alcohol is the best agent for 
this purpose. 
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Pieces of the tissue one-quarter inch in size are covered with 
alcohol for 24 to 48 hours. 

Wheu hardened it must be fixed upon or in some firm object. 
A paste composed of— 

Gelatine 1 part. 

Glycerine 4 parts. 

Water 2 parts. 

will make it adhere firmly to a cork in about 2 hours, or it can 
be imbedded in a small block of paraffine, and, covered over with 
melted paraffine. Celloidin may be used as an imbedding agent, 
and formalin is useful to harden tissue quickly. 

Gutting. The microtome should be able to cut sections j^\,o 
inch in thickness ; this is the fineness usually required. 

The sections are brouglit into alcohol as soon as cut unless 
they have been imbedded in paraffine, when they are first washed 
in chloroform to dissolve out the paraffine. 

Staining. All the various solutions should be in readiness, 
best placed in the little dishes in the order in which they are to 
be used, as a short delay in one of the steps may spoil the speci- 
men. 

Fig. 12. 



Spatula for Lifting Sections. 

A very useful instrument for transferring the delicate sections 
from one solution to another is a little metal spatula, the blade 
being flexible. 

A still better plan, especially when the tissue is "crumbling," 
is to carry out the whole procedure on the glass-slide. 

Oeneral Principles. The section is transferred from the alco- 
hol in which it has been kept into water, which removes the 
excess of alcohol, from here into — 

Dishlj containing the stain; where it remains 5 to 15 minutes. 
Then— 

Dish II, containing 5 per cent, acetic add (1 to 20) ; where it 
remains ^ to 1 min. The acid removes the excess of stain. 
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Dish ZZT, water to rinse off the acid. The section can now be 
placed under the microscope covered with cover-glass to see if 
the intensity of the stain is sufficient or too great. A second 
section is then taken, avoiding the errors, if any ; and having 
reached this stage proceeded with as follows : — 

Dish IV, alcohol, 2 to 3 seconds to remove the water in the 
tissue. 

V, A few drops of oil of cloves, just long enough to clear the 
specimen to make it transparent (so that an object placed under- 
neath will shine through). 

VL Remove excess with filter-paper. 

VIL Mount in Canada balsam (xylol balsam). 



Fig. 13. 




Section Microtome. 
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CHAPTER VI. 

SPECIAL METHODS OF STAINING AND MODIFICATIONS. 

Oram's Method of Double Staining. (For cover-glass speci- 
mens.) — I. A hot solution of anil, water gentian violet 2 to 10 
minutes. 

II. Directly without washing, into Gram's solution of iod. 
potass, iod. 1 to 3 min. (the cover-glass looks black). 

III. Wash in alcohol 60 per cent, until only a light brown 
shade remains (as if the glass were smeared with dried blood). 

lY. Rinse off alcohol with water. 

V. Contrast color with either eosin, picro-carmiue, or bismark- 
brown. The bacteria will appear deep blue, all else red or brown 
on a very faint brown background. 

The following bacteria do not retain their color with Gram's 
method — are therefore not available for the stain : Bacillus of 
typhoid ; spirillum of cholera ; bacillus of chicken cholera, of 
hemorrhagic septicaemia, of malignant oedema, of pneumonia 
(Friedlander), and of glanders ; diplococcus of gonorrhoea ; spi- 
rillum of relapsing fever. 

Oram's MetJlod for Tiissuefll (modified by Giinther). 

I. Stain in anil, water gent, violet . . 1 minute. 

II. Dry between filter paper. 

III. Iod. potass, iod. sol 2 minutes. 

IV. Alcohol i minute. 

Y. 3 per ct. sol. hydrochloric acid in alcohol 10 seconds. 

YI. Alcohol, ol. of cloves, and Canada balsam. 

To Stain Spores. Since spores have a very firm capsule, 
which tends to keep out all external agents, a very intensive 
stain is required to penetrate them, but once this object attained 
it is equally as difficult to decolorize them. 

A cover-glass prepared in the usual way, i. 6., drying and 
passing the specimen through the flame three times, is placed in 
a watch-crystal containing Ziehl's carbol-fuchsin solution, and 
the same placed upon a rack over a Bunsen burner, where it is 
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kept at boiling-point for one hour^ careful to supply fresh solution 
at short intervals lest it dry up. 

The bacilli are now decolorized in alcohol, containing J per 
cent, hydrochloric acid. A contrast color, preferably methylin 
blue, is added for a few minutes. 

The spores will appear as little red beads in the blue bacteria, 
and loose ones lying about. 

8p(yre Stain (modified).-— I. Carhol-fuchsin on cover-glass and 
heated in the flame to boiling point 20 to 30 times. 

II. 25 per cent, sulphuric acid, 2 seconds ; rinsed in water. 

III. Methylin blue contrast. 

Alex. Klein recommends the following spore method : mix a 
little of the culture (potato) with 3 drops cf physiologic salt 
solution, and heat gently with an equal quantity of carbol- 
fuchsin for a period of 6 minutes. Spread then on cover-glasses, 
dry in the air, and fix by passing three times through Bunsen 
burner flame. Decolorize in 1 per cent, sulphuric acid for 1 to 
2 seconds ; contrast in weak methylin blue. 

BowhUTs Orcein Stain. 
Sat. alcoholic solution of orcein . . .15 c.c. 
20 per cent, aqueous sol. tannin . . .10 c.c. 

Distilled water 30 c.c. — M. 

Filter. 

Use orcein solution in watch-glass, float cover-glass in it and 
heat gently, not boil, for 10 minutes. Wash in water. Dry and 
mount in balsam. 

Five per cent, chromic acid applied for 15 minutes has been 
recommended in staining spores. This is followed by the 
carbol-fuchsin stain as above. 

Flagella Stain, with Lbffler'^s Mordant.—!. A few drops of the 
mordant (No. viii. p. 33) are placed upon the spread cover-glass 
and heated until it steams. 

II. Washed with water until the cover-glass looks almost clean,, 
using a small piece of filter paper to rub off* the crusts which have 
gathered around the edges. 

III. Anilin water fuchsin (neutral) held in flame about 1^ 
minutes. 
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IV. Wash in water. 

K the stain is properly made, the mierohes are deeply colored 
and the flagella seen as little dark lines attached to them. 

Sporogenic bodies stain quite readily, and in order to distin- 
guish them from spores Ernst uses alkaline methylin blue, slightly 
warmed. Then rinse in water. Contrast with cold bismark- 
brown. 

The spores are colored bright blue, the spore granules a dirty 
blue, being mixed with the brown, which colors also the bacteria. 

Kvhne's Method, — In sections, the alcohol used sometimes de- 
colorizes too much. To obviate this Kiihne mixes the alcohol 
with the stain, so that while the section is being anhydrated it 
is constantly supplied with fresh dye. 

Weigert uses aniline oil to dehydrate instead of alcohol, and. 
here, too, it can be used mixed with the dye. 

Unna's Method for Fungi (especially useful for epidermic 
scales). — Moisten horny scale or crust with acetic acid; mace- 
rate between two glass slides ; dry in flame ; wash out fat with 
ether and alcohol (equal parts) ; stain in borax methyl bhie for 
ten seconds (over flame); bleach with glycerine and aether (equal 
parts) ; rinse in water, alcohol, dry, and mount. 

General Double Staining for Sections. 



I. Stain (watery dyes) 

II. Acetic acid and water (1 to 4) 

III. Alcohol 

lY. Contrast stain, usually picro-car- 
mine or eosin 

V. Alcohol 

VI. Clove oil. Canada balsam. 



10 to 15 minutes. 
i minute. 
2 to 3 minutes. 

2 to 3 minutes. 
^ minute. 



Instead of coloring with the contrast last, it can be used first, 
then alcohol one-half minute, followed by the bacteria stain, acid 
water, alcohol, clove oil, and Canada balsam in succession. 

The stains for special bacteria will be given when treating of 
the same. 



J 
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CHAPTER VII. 

METHODS OP CULTURE. 

Artificial Ctdtivation.— The objects of cultivation are to obtain 
germs in pure culture, free from all foreign matter, isolated and 
so developed as to be readily used either for microscopical ex- 
amination or animal experimentation. 

To properly develop bacteria we supply as near as possible 
the conditions which hold for the especial germ in nature. 
With the aid of solid nutrient media the bacteria can be easily 
separated, and the methods are nearly perfect. 

Sterilization. If we place our nutrient material in vessels 
that have not been properly disinfected, we will obtain growths 
of bacteria without having sown any. 

If we have thoroughly cleaned our utensils, and then not taken 
care to protect them from further exposure, the germs we have 
sown will be effaced or contaminated by multitudes of others, 
that are constantly about us. We therefore have two neces- 
sary precautions to take : — 

Mrst To thoroughly clean and sterilize every object that 
enters into, or in any way comes in contact with, the culture. 

Second. To maintain this degree of sterility throughout 
the whole course of the growth, and prevent, by proper con- 
tainers, the entrance of foreign germs. 

Disinfectants. Corrosive sublimate (bichloride of mercury), 
which is the most effective agent we possess, cannot be gene- 
rally used biecause it renders the soil unproductive and therefore 
must only be employed in washing dishes, to destroy the old 
cultures. Even after washing, a few drops of the solution may 
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remain and prevent growth, so that one must be careful to have 
the glass-ware that comes in contact with the nutrient media 
free from the sublimate. 

Heat. Heat is the best agent we possess for general use. 
Drv heat and moist heat are the two forms employed. 

Fig. 14. 







Hot Air Oven. 



For obtaining dry heat— thsit is, a temperature of 150° C, 
(about 30(F F.)— a sheet-iron oven is used which can be heated 
by a gas-burner. If it have double walls (air circulating be- 
tween), the desired temperature is much more quickly obtained. 
A small opening in the top to admit a thermometer is neces- 
sary. These chests are usually about 1 foot high, 1^ foot wide, 
and I foot deep. In them, glassware, cotton, and paper can be 
sterilized. When the cotton is turned slightly brown, it usually 
denotes suflScient sterilization. All instruments, where practi- 
cable, should be drawn through the flame of an alcohol lamp or 
Bunsen burner. 
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Moist Heat. — Steam at 100® C. in circulation has been shown 
to be a very effective application of heat. 

Koch's Steam-chest. Circulating steam is obtained by aid of 
Koch's apparatus. This consists of a cylindrical tin chest 

Fio. 15. 



c— 




Koch's Steam-chest. 



about 2J feet high and about i foot in diameter ; divided in its 
interior by a perforated diaphragm, a, an upper chamber for 
the steam, c, and a lower one for water, 6. Two or more 
gas-burners placed underneath the chest, which stands on a 
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tripod, supply the heat. In the cover is an opening for a ther- 
mometer. Tlie chest is usually covered with felt. When the 
thermometer registers KKP C. the culture-medium or other sub- 
stance to be sterilized is placed in the steam and kept there 
from 10 to 15 minutes, or longer, as required. 

ArrwJd's steam sterilizer will answer every purpose of the 
Koch steam-chest. It is cheaper, also requiring less fuel to keep 
it ffoing. The steam does not escape, but is condensed in the 
outer chamber. (Fig. 16.) 



Fig. 16. 




Arnold's Steam-sterilizer. 



The autoclave of Chamberland allows a temperature of 12(P 
C. to be obtained, and is much used in Pasteur's laboratory. 

Instead of sterilizing for a long time at once, successive steri- 
lization is practised with nutrient media, so that the albumen 
will not be too strongly coagulated. Fifteen minutes each day 
for three days in succession. 
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Fio. 17. 




Chamberland's Autoclave with pressure. 

Fractional Sterilization of TyndalL Granted that so many 
spores originally exist in the object to be sterilized, it is sub- 
jected to 60^ C. for four hours, in which time a part at least of 
those spores have developed into bacteria, and the bacteria 
destroyed by the further application of the heat. The next day 
more bacteria will have formed, and four hours' subjection to 
6(P heat will destroy them, and so at the end of a week, using 
four hours' application each day, all the spores originally present 
will have germinated and the bacteria destroyed, 
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Cotton Pings or Corks. All the glass vessels (test-tubes, flasks, 
etc.) must be closed with cotton plugs, the cotton being easily 
sterilized and preventing the entrance of germs. 

Tin-foil may be used to cover the cotton, or caps made of 
india-rubber. 

Test-tnbes. New test-tubes are washed with hydrochloric 
acid and water to neutralize the alkalinity often present in 
fresh glass. They are then well washed and rubbed with a 
brush, placed obliquely to drain, and when dry corked with 



Fio. 18. 



Fio. 19. 





Wire-Cage. 



Cotton plugged Test-Tubes. 



cotton plugs. Then put in the hot-air oven (little wire-cages 
being used to contain them) for fifteen minutes, after which they 
are ready to be filled with the nutrient media. (The cotton 
should fit firmly in the tube and extend a short space beyond it.) 

Test-tubes without flaring edges are more desirable since the 
edges can easily be drawn out so as to seal the tube. 

Instead of test-tubes, ordinary 3 oz. panel medicine bottles 
can be used for retaining the nutrient media and cultures. 

According to late investigations, the glass tubes become suflS- 
ciently sterile in the steam-chest without the preUrainary sterili- 
zation in the dry oveo. 
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CHAPTER VIII. 

NUTRIENT MEDIA. 

Of the many different media recommended and used since 
bacteriology became a science, we can only describe the more 
important ones now in use. Each investigator changes them 
according to his taste. 

Fluid Media. 

Bouillon (according to Loffler). A cooked infusion of beef 
made slightly alkaline with soda carbonate : 50() grammes of 
finely-chopped raw lean beef are placed in a wide-mouthed jar 
and covered with 1 litre of water; this is left standing twelve 
hours with occasional shaking. It is then strained through 
cheese cloth, the white meat remaining being pressed until one 
litre of the blood-red meat- water has been obtained. The meat- 
water must now be cooked, but before doing this, in order to 
prevent all the albumen from coagulating, 10 parts of peptone 
powder and 5 parts of common salt are added to every 1000 
parts meat-water. It is next placed in the steam-chest or 
water-bath for three-quarters of an hour. 

Neutralization. The majority of bacteria grow best on a 
neutral or slightly alkaline soil, and the bouillon, as well as 
other media, must be carefully neutralized with a sat. sol. of 
carbonate of soda. Since too much alkalinity is nearly as bad 
as none at all, the soda uiust be added drop by drop until red 
litmus paper commences to turn blue. The bouillon is then 
cooked another hour, and filtered when cold. The liquid thus 
obtained must be clearly alkaline, and not clouded by further 
cooking. If cloudiness occur, the white of an egg and further 
boiling will clear the same. To make bouillon, beef-extract can 
be used instead of fresh meat, 2 grammes to 1 litre of water. 
This is boiled with 5 grammes of salt and 10 of peptone, neu- 
tralized as above, and filtered when cold. 

SchuUz^s Method of NeiUralization. — A more accurate method of 
obtaining the required reaction is to use an alcoholic solution 
(^ per cent.) of phenolphthalein as an indicator; a few drops of 
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this are mixed with 10 c.c. of the bouillon, and from a burette a 
sokition of caustic soda 0.4 per cent. I is added drop by drop 
until a faint red color appears. An average is taken from three 
different samples, and the amount of soda needed for the entire 
quantity of bouillon is calculated therefrom. 

Sterilization of the Bouillon. Erlenmeyer flasks (little conical 
glass bottles) or test-tubes plugged and properly sterilized are 
filled one-third full with the bouillon, and placed with their con- 
tents in the steam-chest. A tin pail with perforated bottom 
makes a good container in which the}'^ can be lowered in the 
Koch's oven. They are left in steam of 100^ C. one hour for 
three successive days, after which the tubes and bouillon are 
ready for use. 

Solid Media. The knowledge of bacteria and germs or moulds 
settling and growing upon slices of potato exposed to the air, led 
to the use of solid media for the artificial culture of the same. 
It was also thus learned that each germ tends to form a separate 
colony and remain isolated. 

Potato-Cnltures. A ripe potato with a smooth skin is the 
best. 

Several are brushed and scrubbed with water to get rid of the 
dirt and the " eyes" are cut out. 

Fig. 20. 




Moist chamber for potatoes. 



Next placed in 1 to 500 solution of bichloride of mercury for 
I hour. Then in the steam-chest for | hour. 

In the meantime, a receptable is prepared for them. This is 
called the moist chamber. 
4 
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The moist chamber consists of two large shallow dishes, one, 
the larger, as a cover to the other. 

These dishes are washed in warm distilled water. 

A layer of filter paper moistened with a 15 to 30 drops of 1 to 
1000 bichloride is placed in the bottom of the glass dish. 

The operator now prepares his own hands, rolling up his coat 
sleeves and carefully washing his hands, then taking a potato 
from the steam-oven and holding it between his thumb and 
index finger in the short axis, he divides the potato in its 
long axis with a knife that has been passed through the flame. 
The two halves are kept in contact until they are lowered into 
the moist chamber, when they of their own weight fall aside, 
the cut surface uppermost. They are then ready for inoculation. 

Fig. 21. 




Method of sliciDg potato. (After Woodhead and Hare.) 



Esmarch's Cubes. The potato is first well cleaned and peeled. 
It is then cut in cubes J inch in size. 

These are placed, each in a Uttle glass dish or tray and then 
in steam-chest for J hour, after which they are ready for inocu- 
lation (the dishes first having been sterilized in hot-air oven). 

Test-tabe Potatoes. Cones are cut out of the peeled potato 
and placed in test-tubes, which can then be plugged and easily 
preserved. 
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Eonx's test-tube (Fig. 22), specially designed Fig. 22. 
for potato cultures, consists of a tube with a 
small constricted portion at the bottom, in which 
water may be kept to keep the potato moist. 

Manner of Inocnlation. With a platinum rod 
or a spatula (sterilized) the material is spread 
upon one of the slices, keeping free of the 
edges. The growth on this first, or original, 
potato will be quite luxuriant, and the individual 
colonies often difficult to recognize; therefore 
dilutions are made. (Fig. 23.) 

From the original or first slice a small portion, 
including some of the meat of the potato, is 
spread upon the surface of a second slice, 
which is first dilution. From this likewise a 
small bit is taken and spread on a third slice, or 
second dilution, and here usually the colonies 
will be sparsely enough settled to study them in their indi- 
viduality. 

This is the principle carried on in all the cultivations. It is 
a physical analysis. . 




Tube for potato 
culture. 



Fig. 23. 




Method of inocalation. (Woodhead and Hare.) 

These pastes are used chiefly in the 



Potato and Bread Mash, 
culture of moulds and yeasts, 



Peeled potatoes are mashed with 
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distilled water until thick, and then sterilized in flasks } of an 
hour for three successive days. 

Bread Jtfi«s/i.— Bread devoid of crust, dried in an oven, and 
then pulverized and mixed with water until thick and sterilized 
as above. 



CHAPTER IX. 

SOLID TRANSPARENT MEDIA. 

Solid Transparent Media are materials which can be used for 
microscopical purposes and which can readily be converted 
into liquids. Such are the gelatine and agar culture media. 

Gelatine. Gelatine is obtained from bones and tendons, and 
consists chiefly of chondrin and gluten. 

The French golden medal brand is the one most in use, found 
in long leaves with ribbed lines crossing them. 

Koch-Loffler 10 per cent. Bouillon-Gelatine. To the meat- 
water as made for the bouillon are added 
100 grammes gelatine, 
10 " peptone, 
6 " salt, 
to each 1000 grammes of the meat- water; or to the bouillon 
made from beef-extract the gelatine is added ; this is placed in 
a flask and gently heated until the gelatine is dissolved. 

Neutralization with the soda and then cooking in water-bath 
or carefully boiled over flame for 1 hour or more until the 
liquid seems clear, then add white of an egg and boil J hour 
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Fio. 24. 



longer ; the egg will produce 
a clearer solution and save 
much trouble. A small por- 
tion, while hot, is now filtered 
into a test-tube and tested for 
alkalinity, and then re-heated 
several times, watching if a 
cloudy ppt. forms. 

If the fluid remains clear 
upon cooling, the remainder of 
the material can be filtered. 
It must be accomplished 
while hot, else the gelatine 
will coagulate and prevent 
further filtration. 

This can be carried on 
either by keeping hot the so- 
lution continually in water- 
bath, and only filtering a small 
quantity at a time through 
the filter, or keeping the filter 
itself hot, either with a hot 
water filter or placing the 
filter in steam chest. (Fig. 
24.) 

Clouding of Gelatine. If the gelatine does not come out clear, 
or becomes turbid on cooling, it may be due to several things — 

1. The filter-paper too thin or impure. , 

2. Too strongly alkaline. 

3. Cooked too long or not long enough. 

The addition of the white of an egg, as before mentioned, will 
often clear it up ; if this avails not, re-filtering several times, and 
attention to the few points mentioned. 

Sterilizing the (Gelatine. The gelatine is kept in little flasks 
or poured at once into sterile test-tubes, careful not to wet the 
neck where the cotton enters, lest when cool the cotton plug 
stick to the tube. 

The tubes are then placed in steam-chest for three successive 




Hot-water filter. 
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days, 15 minutes each day (or in water-bath 1 hour a day for 
three days). .Then set aside in a temperature of 15° to 2(P C, 
and if no germs develop and the gelatine remains clear, it can 
be used for cultivation purposes. 

Modifications. The amount of gelatine added to the meat- 
water can be variously altered, and instead of making gelatine 
bouillon milk, blood, serum, urine, and agar can be added. 
Glycerine (4 to 6%) is a common addition, and sometimes 
reducing agents to absorb the oxygen are mixed with it. 

Agar^Ag^. This agent, which is of vegetable origin, derived 
from sea-plants gathered on the coasts of India and Japan, has 
many of the properties of gelatine, retaining its solidity at a 
much higher temperature; it becomes liquid at 90° C. and con- 
geals again at 45° C. Gelatine will liquefy at 35° C. 

It is not affected very much by the peptonizing action of 
the bacteria. 

Preparation of Agar-Agar Bouillon or Nutrient Agar. The 
ordinary bouillon is first made, and then the agar cut in small 
pieces, added to the bouillon (15 grammes of agar to 1000 
grammes bouillon. It is allowed to stand several minutes until 
the agar swells, and then placed in water-bath or steam-chest 
for six hours or more. It is then neutralized, very little of the 
alkali being sufficient. 

A white of an egg added, and boiled for several hours longer, 
when, even if not perfectly clear, it is filtered. 

The filtering process, very difficult because of the readiness 
with which the agar solidifies, must be done in steam-chest or 
with hot-water filter, and very small quantities passed through 
at a time, changing the filter-paper often. 

Cotton can be used instead of filter-paper, or filtering entirely 
dispensed with, simply decanting. 

AlS agar is seldom clear, a little more or less opaqueness will 
not harm. The test-tubes are filled as with the gelatine, and 
sterilized in the same manner. While cooling, some of the 
tubes can be placed in a slanting position, so as to obtain a larger 
surface to work upon. 

Water of condensation will usually separate and settle at the 
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bottom, or a little white sediment remain encysted in the centre ; 
this cannot easily be avoided, nor does it form any serious obstacle. 

The crude agar should first be rinsed in water, and then in 
5% acetic acid and clear water again, to rid it of impurities. 
If agar is boiled thoroughly over a hot flame or in an auto- 
clave, it can be filtered much more readily. The main point 
is to see that all the agar is dissolved. 

It has been suggested to pour the hot agar into high cylin- 
drical glass vessels and allow it to cool slowly in the steam 
oven, the flame having been gradually lowered and then turned 
out. After a time the cloudy portion will form a sediment at 
the bottom ; the agar can then be shaken out as a long cylinder 
and the cloudy portion cut off. 

The Japanese Method. — Yokote prepares agar as follows : the 
meat is cooked in water over a sand bath 1} hours. Filtered, 
chopped agar is then added and the mixture cooked 1 hour 
longer; peptone and salt added next. Neutralization. After the 
mixture has cooled to about 50° C. whites of 2 eggs are added 
and the mixture shaken thoroughly. 

Again the mixture is placed on the sand-bath and heated to 
110° C. and over for IJ to 2 hours, and then filtered through 
ordinary filter-paper. Yokote claims that by this procedure 
the agar can be filtered as easily as bouillon and without any 
loss. (The water evaporated in boiling must be added before 
filtering.) 

Glycerine Agar. The addition of 4 to 6% of glycerine to 
nutrient agar greatly enhances its value as a culture medium. 

Oelatine-Agax. A mixture of 5 per cent, gelatine and 0.75 
per cent, agar combines in it some of the virtues of both agents. 

Blood Serum. Blood serum being rich in albumen coagulates 
very easily at 70^ C., and if this temperature is not exceeded, 
a transparent, solid substance is obtained upon which the ma- 
jority of bacteria develop, and some with preference. 

Preparation of Nutrient Blood Serum. If the slaughter of 
the animal can be supervised, it were best to have the site of 
the wound and the knife sterilized, and sterile flasks to receive 
the blood directly as it flows. 

It is placed on ice forty-eight hours, and the serum is drawn 
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Fig. 25. 




out with sterile pipettes into test-tubes; these are placed ob- 
liquely in an oven where [the temperature can be controlled 
and maintained at a certain degree. See 
Fig. 26. 

Incubators or Brood-ovens. Incubators 
or brood-ovens consist essentially of a double- 
walled zinc or copper chest, the space between 
the walls being filled with water. 

The oven is covered with some imperme- 
able material to prevent the action of the 
surrounding atmosphere. (Fig. 27.) It is 
supplied with a thermometer and a regu- 
lator. The regulator is connected with a 
Bunsen burner, and keeps the temperature 
at a certain height. 

There are several forms of regulators in 
use, and new ones are invented continually. 
The size of the flame in some is regulated 
by the expansion of mercury, which, as it 
rises, lessens the opening of the gas supply. 
The mercury contracting on cooling allows more gas to enter 
again. (Fig. 28.) 

Koch has invented a safety burner, by which the gas supply is 
shut off should the flame accidentally have gone out. 

Coagulation of Blood Serum. The tubes of blood serum 
having been placed in the oven, are kept at a tempera- 
ture of 65** to 68^ C, until coagulation occurs ; then removed 
and sterilized. 

Sterilization of Blood Serum. The tubes are placed 3 to 4 
days in incubation at 58° C, and those tubes which show any 
evidences of organic growth are discarded. 

If now, at the end of a week, the serum remains sterile at the 
ordinary temperature of the room, it can be used for experi- 
mental purposes. 

Perfectly prepared blood serum is transparent, of a gelatine- 
like consistence, and straw-color. It will not liquefy by heat, 
though bacteria can digest it. Water of condensation always 
forms, which prevents the drying of the serum. Blood serum 



Flask to receive blood 
serum. 
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may be prepared in a shorter way by coagulating the serum at 
a temperature short of boiling-point. Sterilization is completed 
in three days by exposing the tubes to a temperature of about 
90° C. oach day for five minutes. Tubes so prepared are opaque 
and white. 

Fig. 26. 




Thermostat for blood serum. 



Preservation of Blood Serum in Liquid State, Kirchner advises 
the use of chloroform. To a quantity of serum in a well-stop- 
pered flask a srhall amount of chloroform is added — enough to 
form about a 2 mm. layer on the bottom. If the chloroform is 
not allowed to evaporate, the serum remains sterile for a long 
time. When needed for use test-tubes are filled and placed in 
a water-bath at 50° C. until all chloroform has been driven off 
(determined by absence of characteristic odor); the serum is 
then solidified and sterilized as in the ordinary way. 
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Human blood serum derived from placenta, serum from as- 
citic fluid and ovarian cysts, is prepared in a similar manner 
to the above. 

Blood Coagnlum, suggested by the author, is the blood itself 
(not the serum only) coagulated in test-tubes. It is dark brown 
in color and allows some colonies of bacteria to be more visi- 
ble. It requires less time to prepare, and is not so likely to 
become contaminated as when the serum is used. 



Fig. 27. 



Fig. 28. 





Babe's incubator. Thermo-regulators. 

Loffler's Blood Sernm Mixture (see p. 110). 

Peptone Solution. (Dunham's.) Sodium chlorid, 0.5; pep- 
tone, 1 ; water, 100. Boil, filter, and sterilize. Useful to detect 
presence of indol. 

Other Nutrient Media. Milk, urine, decoctions of various 
fruits and plants, and lately for cultivating anaerobic bacteria. 
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Dnnliain's Rosalie Acid Solution. 

Peptone sol. (Dunham) . . . .100 c.c. 
2 per cent. sol. rosalic acid . . .0.5 gr. 
Alcohol (80 per cent.) . . . .100 c.c. 
M. To detect acids and alkalies. 

Eisner's Medium (for typhoid). (loch-potass. — Potato-gelatin.) 
Five hundred grammes of (peeled and washed) potatoes are 
mashed and pressed through a fine cloth. The juice is allowed 
to settle, is filtered, and after 1 hour's cooking has added to it 10 
per cent, gelatin; then 2} c.c. ^ normal sodic hydrate solu- 
tion, and finally 1 per cent, potassic iodid. 

Urine Media (Gonococci). 

Urine (sterile taken) . . . , .1 part. 
2 per cent, agar solution . . . . 1 " 

Fresh Egg Cultures, after Hnppe. The eggs in the shell are 
carefully cleaned, washed with sublimate, and dried with cotton. 

The inoculation occurs through a very fine opening made in 
the shell with a hot platinum needle ; after inoculation, the open- 
ing is covered with a piece of sterilized paper, and collodion. 

Boiled Eggs. Eggs boiled, shell removed over small portion, 
and the coagulated albumen stroked with the material. 

Ouinea-pig Bouillon. The flesh of guinea-pigs as well as that 
of other experiment-animals is used instead of beef in the prep- 
aration of bouillon, for the growth of special germs. 

The extracts of different organs have been added to the 
various media for experimentation. 
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CHAPTER X. 

INOCULATION OF GELATINE AND AGAR. 

Glass Slide Cultnres. Formerly the gelatine was poured on 
little glass slides such as are used for microscopical purposes, 
and after it had become hard, inoculated in separate spots as 
with potatoes. 



Fig. 29. 




Manner of holding tubes for inoculation : a, tube with material; 6, tube to be 
inoculated ; r, cotton plugs. (After Woodhead and Hare.) 

Test Tube Cultures. The gelatine, agar, or blood serum having 
solidified in an oblique position, is smeared on tlie surface with 
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the material and the growth occurs, or the medium is punctured 
with a stab of the platinum rod containing the material. The 
first is called a stroke or smear culture, the second a stab or thinst 
culture. In removing the cotton plugs from the sterile tubes to 
carry out the inoculation, the plugs should remain between the 
fingers in such a way that the part which comes in contact with 
the mouth of the tube will not touch anything. 

After the needle has been withdrawn the plugs are re-inserted 
and the tubes labelled with the khid and date of culture. 

Plate Cultures. Several tubes of the culture medium are 
made liquid by heating in water bath, and then inoculated with 
the material as follows . A looped platinum needle is dipped 
into the material and then shaken in the tube of liquid media, 
(gelatine, agar, etc.). 

This first tube is called original. From this three drops (taken 
with the looped platinum rod) are placed in a second tube, the 
rod being shaken somewhat in the gelatine or agar ; this is 
labeled ^rst dilution (a colored pencil is useful for such markings). 
From the first dilution three drops are taken into a third tube, 
which becomes the second dilution. (Fig. 29.) 

The plugs of cotton must be replaced after each inoculation, 
and during the same must be carefully protected from contami- 
nation. 

To hasten the procedure and lessen the danger of contamina- 
tion, the tubes can be held in one hand aside of each other, each 




Manner of holding plugs. 



plug opposite its tube. They are now ready for spreading on 
glass plates. 
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Fig. 31. 




Iron box for glass plates. 



Glass Plates. The larger the surface over which the nutrient 
medium is spread the more isolated will 
the colonies be ; window glass cut in rec- 
/ZZ:::^ tangular plates Gx4 inches in size is used ; 

^^^(/\^ A about ten such plates are cleaned with dry 
towel and placed in a small iron box or 
wrapped in paper ; and sterilized in the 
hot-air oven at a temperature of 15(P C. 
for ten minutes. (Fig. 31.) AVhen the 
plates have cooled they are placed upon 
an apparatus designed to cool and so- 
lidify the liquid media, which is now 
poured upon the plates from the inocu- 
lated test-tubes. 
Nivellier Leveling and Cooling Apparatus. Ice and water 
are placed in a shallow round glass tray ; on top of this a square 
plate of glass, upon which the culture plate is placed, and cov- 
ering this a bell-glass. 

The whole is upon a low, wooden tripod, the feet of which 
can be raised or lowered, and a little spirit-level used to adjust 
it.. (Fig. 32.) The glass plate taken out of the iron box is placed 
under the bell-glass. The tube containing the gelatine is held 
in the flame a second to singe the cotton plug to free it from dust, 
and the plug removed, the edges of the tube again flamed, the bell- 
glass lifted, and the inoculated gelatine carefully poured on the 
plate, leaving about one-third inch margin from the borders ; the 

Fig. 32. 




Nivellier leveling and cooling apparatus. 

lips of the tube being sterile can be used to spread the media 
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evenly. If the plate is at all cool, the fluid will solidify as it is 
being spread. The glass cover is replaced until the gelatine or 
agar is quite solid to prevent contamination. 

Fig. 33. 




Moist chamber with plates on benches. 

When the gelatine is congealed, the plate is placed upon a 
little glass bench or stand in the moist chamber. 

The Moist Chamber Prepared Out of Two Glass Dishes, as for 
the Potato-Cultures. • The glass benches are so arranged that 
one stands upon the other. In order to avoid confusion, a slip 
of paper with a number written on it is placed on the bench be- 
neath each plate. As the original or first plate would have the 
colonies developed in greatest profusion, it is placed the first 
day on the topmost bench ; but, since the colonies would be 
likely to overrun the plate and allow the gelatine to drop on the 
lower plates, it is best, as soon as evidences of growth appear, 
to place it below, and watch the third plate or second dilution 
for the characteristic colonies, forgetting not all this time to 
change the numbers accordingly. 

The date of culture and the name can be written upon the 
moist chamber. 

Petri Saacers. Agar hardens very quickly, even without any 
especial means for coolinsr, and it does 
not adhere very well to the glass. There- ' 

•fore it is better to follow the method of 
Petri and use little shallow glass dishes, 
one covering the other. They are first 
sterilized by dry heat, and then the in- 
oculated gelatine or agar is poured into p^^^.. gg^^^ers 
the lower dish, covered by the larger one, 
and placed in some cool place, different saucers being used for 
each dilution. 
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This method is ver}' useful for transportation ; the saucers can 
be viewed under microscope similar to the glass plates, and has 
in a manner superseded them. 

Esmarch's Tubes, or Rolled Cultnres. This method, especially 
used in the culture of anaerobic germs, consists in spreading the 
inoculated gelatine upon the inner walls of the test tube in 
which it is contained and allowing it to congeal. The colonies 
then develop upon the sides of the tube without the aid of 
other apparatus. The method is useful whenever a very quick 
and easy way is required. The rolling of the tube is done under 
ice-water or running water from the faucet. The tube is held 
a little slanting, so as to avoid getting too much gelatine around 
the cotton plug. 

The tubes can be placed directly under the microscope for 
further examination of the colonies. 

KoTE.— The peptone nutrient gelatine, blood serum and agar 
can now be purchased already prepared, thus saving a great 
deal of time and making unnecessary the purchase of consider- 
able apparatus. 



CHAPTER XI. 

THE GROWTH AND AI»PEARANCES OF COLONIES. 

Macroscopic. Depending greatly upon the temperature of 
the room, which should be about 65° C, the colonies develop 
so as to be visible to the naked eye in two to four days. Some 
require ten to fourteen days, and others grow rapidly, covering 
the third dilution in thirty-six hours. The plate should be 
looked at each day. 

The colonies present various appearances, from that of a 
small dot, like a fly -speck, to that resembling a small leaf. 
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Some are elevated, some depressed, and some, like cholera, cup- 
shaped — ^umbilicated. 

Fig. 35. 




Staphylococcas pyogenes aureus : colony two days old, seen upon an agar-agar plate ; 
X 40 (Heim). 

Then they are variously pigmented. Some liquefy the gela- 
tine speedily, others not at all. The appearances of a few are 
80 characteristic as to be recognized at a glance. 

Microscopic. We use a low-power lens, with the abbe nearly 
shut out, that is the narrowest blender. The stage of the 
microscope should be of such size as to carry a culture plate 
easily upon it. 

The second dilution or third plate is usually made use of, that 
one containing the colonies sufficiently isolated. 

These isolated ones should be sought for, and their appearances 
well noticed. 

There may be two or three forms from the same germ, the 
diflference due to the greater or less amount of oxygen that they 
have received, or the greater or less amount of space that they 
have had to develop in. 

The microscopic picture varies greatly ; now it is like the 
gnarled roots of a tree, and now like bits of frosted glass ; the 
pictures are very characteristic, and the majority of bacteria 
can be told thereby, (rig. 32.) 
6 
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Impression or ''Klatsch*' Preparations. In order to more 
thoroughly study a certain colony and. to make a permanent 
specimen of the same, we press a clean cover-glass upon the 
particular colony, and it adheres to the glass. It can then be 

Fio. 36. Fig. 37. 




Microscopic appearances 

of colonies. Klatsch preparations. 

stained or examined so. The Germans give the name of 
"Klatsch'* to such preparations. Many beautiful pictures can 
be so obtained. 

Fishing. To obtain and examine the individual members of 
a particular colony the process of fishing, as it ie called, is 
resorted to. 

The colony having been placed under the field of the micro- 
scope, a long platinum needle, the point slightly bent, is passed 
between the lens and the plate so as to be visible through the 
microscope, then turned downward until the colony is seen to 
be disturbed, and the needle is dipped into the colony. This 
procedure must be carefully done, lest a different colony be 
disturbed than the one looked at, and an unknown or unwanted 
germ obtained. ' 

After the needle has entered the particular colony, it is with- 
drawn, and the material thus obtained is further examined by 
staining and animal experimentation. The bacteria are then 
again cultivated by inoculating fresh gelatine, making stab and 
stwke cultures. 
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It is necessary to transfer the bacteria to fresh gelatine about 
every six weeks, lest the products of growth and decay given 
off by the organisms destroy them. 



CHAPTER XII. 



CULTIVATION OP ANAEROBIC BACTERIA. 

Special methods are necessary for the culture of the anaerobic 
variety of bacteria in order to procure a space devoid of oxygen. 

liborins's High Cultures. The tube is filled about ^^^ ^^ 
J full with gelatine, which is then steamed in a water 
bath and allowed to cool to 4CP C, when it is inocu- 
lated by means of a long platinum rod with small 
loop, the movement being a rotary vertical one, and 
the rod going to the bottom of the tube. 

The gelatine is next quickly solidified under ice ; 
very little air is present. The anaerobic germs will 
grow from the bottom upward, and any serobins 
present will develop first on top, this method being 
one of isolation. 

From the anaerobic germs grown in the lower part, 
a stab culture is made into another tube containing 
f gelatine, the material being obtained by breaking 
test-tube with the culture. 

Hesse's Method. A stab culture having been made 
with anaerobiic germs, gelatine in a semi-solid condi- 
tion is poured into the tube until it is full, thus dis- 
placing the air. (Fig. 39.) 

Esmarch's Method. Having inoculated a tube with ^^^^^"f'^ 
the microbe, the gelatine is rolled out on the walls of 
the tube, a " roll culture," and the rest of the interior filled with 
gelatine, the tube being held in ice water. The colonies develop 
upon the sides of the tube and can be examined microscopically. 

Gases like Hydrogen to replace the Oxygen. Several ar- 
rangements for passing a stream of hydrogen through the 
culture :— 
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Frankel puts in the test tube, a rubber cork containing two 
glass tubes, one reaching to the bottom and connected with a 
hydrogen apparatus, the other very short, both bent at right 
angles. When the hydrogen has passed through ten to thirty 
minutes, the short tube is annealed and then the one in connec- 
tion with the hydrogen bottle, and the gelatine rolled out upon 
the walls of the tube. (Fig. 40.) Huppe uses eggs as described 
in Chapter IX. 



Fig. 39. 



Fig. 40. 



Fig. 41. 



Hesse's method. 




Frankel's method. 



Buchner's method. 



Use of JErobic Bacteria to remove the Oxygen. Eoux inocu- 
lates an agar tube through a needle thrust after which semi- 
solid gelatine is poured in on top. When the gelatine lias solidi- 
fied, the surface is inoculated with a small quantity of bacillus 
subtilis or some other aerobic germ. The subtilis does not allow 
the oxygen to pass by, appropriating it to itself. 



THE ANIMAL ORGANISM. 
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Buchner's Method. The test tube containing the culture is 
placed within, a larger tube, the lower part of which contains 
an alkaline solution of pyrogallic acid. The tube is then closed 
with a rubber stopper. (Fig. 41.) , 

Botkin's Method. Petri dishes, uncovered, are placed on a 
rack under a large bell-jar, into which hydrogen gas is con- 

FiG. 42. 




Botkin's apparatus for making anaerobic plate-cultures. 

ducted. Alkaline pyrogallic acid is placed in the upper and 
lower dishes to absorb what oxygen remains. 
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CHAPTER XIII. 

INFECTION. 

The Properties of Blood Serum. So much has been written 
in recent years concerning blood serum that it is thought best 
to dilate somewhat upon it. 

Fresh blood serum prevents the growth of many forms of 
bacteria. This property is gradually lost, and finally the serum 
serves as good culture media. These general bactericidal 
properties are lost if the blood is dialysed, if it is exposed to 
sunlight, or if it is heated for half an hour at 55*^ C. Its 
strength is variable in different specimens taken from the same 
animal and in different animals. Alexins is the term applied 
to the albuminoid bactericidal substances separated by Buchner 
and Hankin. Hankin believes these alexins to be formed by 
leucocytes. Special germicidal properties are given to the blood 
when an animal is rendered immune or is subjected to the 
action of toxins. Of the two forms of specific properties, anti- 
bacterial and anti-toxiCy the former is present in all forms of 
immune serum, the latter only when toxins have been used to 
produce immunity. 

Anti-toxic substances are more resistant than alexins or anti- 
bacterial substances. They can be dried and subjected to a 
heat of 100° C. without destruction. Anti-toxic substances 
form in 3 or 4 days and retain power for 3 or 4 weeks. 

Specific anti-bodies of Pfeiffer are found in the blood serum 
of animals immunized against cholera and typhoid. These 
bodies are claimed to be quantitatively specific — i. c, while pure 
serum will produce the Pfeiffer phenomenon known as aggluti- 
nation, if typhoid serum is used with typhoid cultures a very 
weak dilution of the serum will be effective, and the same can 
be said of cholera serum with the cholera cultures. This is 
utilized in the Widal test. (See Bacillus of Typhoid.) 

As certain yeasts are specific for certain fermentations, Pfeiffer 
considers these anti-bodies specific. 

How Bacteria Cause Disease. Many theories have been 
put forward to explain the action of bacteria in causing dis- 
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ease, but only a few of the more important ones can be taken 
up here. 
What axe the Conditions Necessary to Produce Infection? 

First. As to the Infective Agent, The organism must have the 
power to produce disease. It must, in other words, be pathogenic. A 
non-pathogenic bacterium under certain conditions may cause 
disease, but this is not an infectious disease ; it is rather a tox- 
emia, and is due to the absorption of poisons generated outside 
of the body. It must be parasitic — have the power of growing 
within the body of an animal. 

Essentially an infectious disease is a toxemia, because it 
depends upon poisons or toxins produced in the body. Para- 
sitic or infectious bacteria cause. disease by growing in the animal 
organism and generating products therein which are toxic. 
Saprophytic bacteria grow outside of the animal organism in dead 
matter, decaying particles, etc., and they may give rise to prod- 
ucts which also are toxic to the animal economy. 

Second. The toxins or poisons elaborated must be present in 
sufficient amount. Undoubtedly each animal organism is a law 
unto itself in regard to the amount of poison it will tolerate 
before disease is actually produced. The period of incubation 
can be explained on the supposition that the germ requires so 
much time to elaborate the amount of toxin necessary. This 
time period varies with different organisms, some carrying the 
toxin with them at the time of entry. 

Third. The animal infected must be susceptible. Susceptibility 
varies in different species of animals, in different members of 
the same species, in the same individual at different times, and 
in the same individual to the different forms of disease germs. 
Susceptibility may be natural to the race, it may be acquired^ it 
may be inherited. Mice are naturally susceptible to anthrax. 
Acquired susceptibility occurs upon exposure to conditions 
which lower vitality, as hunger, cold, advanced age, and sur- 
gical shock. Inherited susceptibility is a less important factor 
now than formerly. Many diseases were at one time considered 
inherited which now are known to be acquired during the life- 
time of an individual. Still, certain physical characteristics, 
such as narrow chest, mouth-breathing, etc. — clearly inheritable 
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characters — predispose to disease. Given a susceptible individ- 
ual and an infective microorganism producing toxins in suffi- 
cient amount, disease is certain to result. 

Local Effects of Bacteria. By mechamccU obstruction from 
rapid growth, thrombosis, with its consequences, may occur. 
Destruction of a part of the cells of a tissue with necrosis can 
arise from irritation, as from a foreign body. 

General Effects. Sapremia, when toxic products of local 
suppuration are absorbed into the system. Septicemia^ when the 
infective agent itself enters the blood-stream and causes general 
disturbance. 

Suppurative bacteria are those which give rise to inflamma- 
tion and suppuration locally at the point of entrance, and 
secondarily through metastasis. Any organism may cause 
suppuration, but a certain number are peculiarly inclined to 
give rise to pus, and are known as pyogenic organisms. 

Infective bacteria are as a rule specific, the particular toxin 
having a specific action and causing a disease peculiar to the 
microorganism. Thus typhoid fever is a disease distinctly 
different from tuberculosis ; the infective organisms are distinct 
and the poisons they produce have specific characteristics. 

The Nature of Toxins. Very similar to the venom of ser- 
pents; highly poisonous in minute doses (^^ gramme of 
tetanus toxin will kill a horse weighing 600 kilos (1200 pounds)). 
At first toxins were called ptomaines, or cadaveric alkaloids ; but 
this term is applied now to such poisons as have a basic nature 
and arise in decomposing meat, cheese, and cream as a result 
of chemical change in the material, the bacteria causing the 
change. Then they were called toxalbumins, and were supposed 
to belong to an albumin series; but when the bacteria are grown 
in non-albuminous media the toxins correspond more in their 
chemical composition to a ferment, and therefore it is supposed 
that the albumin part of the toxin is furnished by the blood or 
albuminous media in which it is formed. The term toxin is to 
be preferred in speaking of bacterial poisons. 
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CHAPTER XIV. 

IMMUNITY. 

Iminimity, as distinguished from mscepHbilUyj is merely a rela- 
tive term, as no animal is absolutely immune under all condi- 
tions. It is merely less susceptible, and some animals are by 
nature or can by artificial means be rendered so slightly sus- 
ceptible that to all practical purposes they are immune— that is, 
capable of resisting an attack of the particular disease against 
which they are said to be immune. 

Natnral Immunity. The goat and dog are considered 
naturally immune to tuberculosis. Algerian sheep are resistant 
to anthrax, other varieties are susceptible. 

The field mouse is susceptible to glanders, the white mouse 
is ordinarily immune. House mice are susceptible to mouse 
septicemia, field mice are immune. 

Acquired Immunity. Immunity can be acquired in many 
ways. Active and passive immunity are varieties. 

Active immunity can be acquired from an attack of the disease; 
such infectious diseases as measles, scarlatina, and whooping- 
cough usually confer immunity from future attacks. Some 
diseases render the individual immune for only a short period. 

Immunity from Inoculation with Attenuated or Weak- 
ened Cultures of Bacteria. Vaccination is an example. Haff- 
kine's cholera vaccines and Pasteur's vaccines of anthrax and 
chicken cholera are likewise examples of this method. 

Attenuation is produced as follows : Successive cultivation in 
artificial media destroys the virulence of bacteria. Old cultures 
are less virulent than fresh ones. Virulence is lessened by 
passing the cultures through animals that are less susceptible 
or entirely immune. The cautious use of chemicals and sun- 
light lessens virulence. Heat is an effective agent. An anthrax- 
culture exposed to a temperature of 42.6° C. for twenty days 
will prove destructive only to animals no larger than mice. 
Prolonged exposure to oxygen weakens the germs. 

Immunity Through Inoculations of Small Doses of very 
Virulent Microorganisms. A graduated resistance to the 
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disease is reached somewhat after nature^s method. By succes- 
sive inoculations with increased doses of the virus an immunity 
is often reached sufficient to withstand ten times the lethal 
dose. A poison-habit is thus acquired. 

Increased Virulence is produced as follows : The cultures 
may be greatly increased in virulence by successive cultivation 
through animals, and gradually changing from smaller animals 
to larger, until an amount of the culture that at the outset 
would not destroy a guinea-pig becomes finally virulent for 
chickens and dogs. 

Immunity Through Injections of the Sterilized Products of 
Bacteria. Cultures sterilized by heat or filtration through 
germ-filters still contain the chemical products of bacteria, the 
toxins ; and when these are injected in gradually increased doses 
the same immunity is obtained as with the bacteria themselves. 

Passive Immunity. The blood-serum and tissues generally 
of animals rendered immune in the ways described above, when 
injected into susceptible animals render them immune against 
the same infection. This has been called passive immunity ^ but 
there is no strong reason why this term should be used. The 
blood-serum of immune animals is simply another means for 
immunization. It is less permanent than the other forms of 
immunization, but it appears very soon after the injection, and 
in a modified form has a curative action even when the symp- 
toms of the infection are already present in the system. 

Inherited Immunity. An immunity to disease acquired dur- 
ing the lifetim,e of the parents is probably never transmitted 
to the offspring, though the mother may transmit a temporary 
immunity to the child in utero or the child itself may have 
been subjected to the infection at the same time with its 
mother. But this cannot be called inherited. 

Theories of Immunity. 

ExhavMion Thexynj. — It was at first held that the disease con- 
sumed in its first attack all the elements necessary for its 
growth or nourishment, and hence future attacks were impos- 
sible. The soil had been exhausted. 

Retention Theory. — As yeasts generate alcohol in the media 
they are grown, and this alcohol retards or prevents further 
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growth, so it was thought that the disease generated in the 
system certain products which prevented further growth. The 
objection to this is that the toxins produced by bacteria are 
eliminated in a short time, whereas immunity often lasts years 
after an attack of the disease. 

Phagocytic or Cellular Theory. — Metschnikoff elaborated this 
after his study on inflammation. Phagocytosis occurs in 
animals when subjected to the action of an irritant. The leu- 
cocytes are attracted to the injured spot and envelop the irri- 
tating substance, be it bacteria or dead matter. The theory 
given out at first was that if the leucocytes conquer the bacteria, 
immunity results ; if the bacteria eat up the leucocytes, disease 
occurs. 

Modified to suit other conditions, as, for instance, the germi- 
cidal properties of serum freed from its cellular elements, 
Metschnikoff* now states that at times phagolym — that is, breaking 
up or solution of the phagocytes — takes place, and the fluids in 
which these cells are dissolved become charged with the powers 
originally present in the phagocytes. Chemotaods is the term 
applied to the attraction of bacteria for the leucocytes, and is 
supposed to be chemical in its nature. 

Humoral Theory. — Bactericidal properties are found in fresh 
blood-serum. Buchner and Hankin isolated certain principles, 
which they called alexins, and which were considered the sub- 
stances necessary for immunity ; but this theory is not sufficient 
to explain natural immunity, since the blood-serum of the frog, 
an animal naturally immune to anthrax, shows very feeble 
germicidal power against that microorganism. 

Cellulo-humoral Theory.— This is the latest explanation of the 
facts of immunity, and explains them better than any other 
theory. Substances exist, not only in the blood, but in all the 
other juices and tissues of the body, which are formed by the 
cells of the body under the stimulus of a microbe or its toxin. 
These substances are in a measure protective, and are dissolved 
in the fluids of the body and neutralize, or in some manner pro- 
hibit, the action of the toxin. 

Antibacterial substances are such as are directed against the 
growth of the bacteria. 
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Antitoxins are substances which neutralize the toxins, or in 
some other way inhibit their action. Each microorganism 
generates its specific anti-substance. If these specific anti- 
substances are present in the body, the animal is immune. 
They can be transferred from one animal to another through 
inoculation with the blood-serum. 

The thought first promulgated by Behring, that the antitoxin 
neutralized the toxin as an alkali neutralizes an acid, is con- 
sidered unsound for experimental evidence ; but no other theory 
is sufiiciently plausible to displace it. The whole question of 
immunity is yet in a very nebulous condition. No one theory 
will explain all of the leading facts of acquired and experimental 
immunity, and for natural immunity there is still less explana- 
tion. 



CHAPTER XV. 

EXPERIMENTS UPON ANIMALS. 

The smaller rodents and birds are the ones usually employed 
for inoculation, as rabbits, Guinea-pigs, rats and mice, and 
pigeons, and chickens ; sometimes monkeys. These are pre- 
ferred, because easily acted upon by the various bacteria, readily 
obtained, and not expensive. 

The white mouse is very prolific and easily kept, and is there- 
fore a favorite animal for experiment. It lives well upon a little 
moistened bread. A small box, perforated with holes, is filled 
partly with sawdust, and in this ten to twelve mice can be kept. 
When the female becomes pregnant she should be removed to 
a glass jar until the young have opened their eyes, because the 
males, which have not been raised together, are apt to attack 
each other. 

Ouinea-pigS. When Guinea-pigs have plenty of light and 
air they multiply rapidly. Therefore it is best to have them in 
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some large stall or inclosure. They can be fed upon all sorts of 
vegetables and grasses, and require but little attention. 

Hefhods of Inoculation. L Jn/iaZaeion.— Imitating the natural 
infection, either by loading an atmosphere with the germs in 
question or by administering them with a spray. 

IL Through Skin or Mucous Membrane, 

III. WUli the Food. 

Method of Cutaneous Inoculation. The ear of mice is best 
suited for this procedure. A small abrasion made with the 
point of a lancet or needle, which has been dipped in the virus. 
The animal is then separated from the rest and placed in a 
glass jar, which is partly filled with sawdust and covered with 
a piece of wire-gauze. 

Subcutaneous. The root of the tail of mice is used for this 
purpose. The hair around the root of the tail is clipped off, 
and with a pair of scissors a very small pocket is made in the 
subcutaneous connective tissue, not wounding the animal any 
more than absolutely necessary, avoiding much blood. The 
material is placed upon a platinum needle and introduced into 
the pocket, solid hodieSy with a forceps. 

To hold the mouse still while the operation is going on a 
little cone made of metal is used. The mouse just fits in here. 
There is a slit along the top in which the tail can be fastened, 
and thus the animal is secure and immobile. 

Intravenous Injections. Babbits are very easily injected 
through the veins. Mice are too small. 

The ear of the rabbit is usually taken. It is first washed with 
1-2000 bichloride, which not only disinfects, but also makes the 
. vessels appear more distinct. The base of the ear is compressed 
to swell the veins. Then a syringe, like the one used for the 
injection of '* tuberculine," a Koch syringe, which can be easily 
sterilized, is filled with the desired amount of virus and slowly 
injected into any one of the more prominent veins present. 
(Fig. 43.) 

Intra-peritoneal Injection. This is used with Guinea-pigs 
mostly. The abdominal wall is pinched up through its entire 
thickness, and the needle of the syringe thrust directly through, 
so that it appenrs on the other side, then the fold let go, the 
needle withdrawn just fax enough so as to be within the cavity. 
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Inoculation in the Eye. The anterior chamber and the cornea 
are the two places used. The rabbit is fixed upon a board ; 
the eyelids held apart and head held still by an assistant. A 
small cut is made in the cornea, a few drops of cocaine having 
first been introduced in the eye. The material is passed 
through the opening with a small forceps, and with a few strokes 
of a spoon it is pushed in the anterior chamber. 

For the cornea a few scratches made in the corneal tissue 
will suffice ; the material is then gently rubbed in. 

Inoculation of the Cerebral Membranes. The skin and 

Fig. 43. 




Manner of making intravenous injections in the rabbit. 



aponeurosis cut through where the skull is the thinnest. Then 
the bone carefully trephined, and the dura exposed. In Babies 
inoculation, the syringe containing the hydrophobic virus pierces 
the dura and arachnoid, and the virus is discharged beneath the 
latter. 

Intra-Tracheal. The bacteria can be introduced directly into 
the trachea, thus coming in contact with the lungs. 

Intra-duodenal.— Cholera germs are injected into the intes- 
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tines after they have been exposed, by carefully opening the 
abdomen. This is done in order to avoid the action of the 
gastric juice. 

Obtaining Material from Infected Animals. The animal 
should be skinned, or the hairs plucked out, before it is washed, 
at least the portion where the incision is to be made. Then the 
entire body is washed in sublimate. Two sets of instruments 
are required, one for coarser and one for finer work : the one 
sterilized in the flame ; the other, to prevent being damaged, 
heated in a hot air oven. 

The animal, the mouse for example, is stretched upon a board, 
a nail or pin through each leg, and the head fixed with a pin 
through the nose. The skin is dissected away from the belly 
without exposing the intestines. Then the ribs being laid bare, 
the sternum is lifted up, and the pericardium exposed. A pla- 
tinum needle dipped into the heart after the pericardium has 
been slit will give sufficient material for starting a culture. If 
the other organs are to be examined, further dissection is made. 
If the intestines were first to be looked at, they would be laid 
bare first. 

In this manner material is obtained, and the results of inocu- 
lation noted. 

Frequent sterilization of the instruments is desirable. 

Koch*8 Rules in Regard to Bacterial Cause of Disease. 
Before a microbe can be said to be the cause of a disease, it 
must— 

Mrst. Be found in the tissue or secretions of the animal suf- 
fering from, or dead with the disease. 

Second, It must be cultivated outside of the body on artificial 
media. 

Third. A culture so obtained must produce the disease in 
question when it is introduced into the body of a healthy 
animal. 

Fourth. The same germ must then again be found in the 
^oiuial so inoculated. 
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CHAPTER I. 

NON-PA?tHOGENIO BACTERIA. 

Special Bacteriology. Under this head the chief character- 
istics of individual bacteria will be detailed, pathogenic and non- 
patJiogenic being the main divisions. It is usual to describe the 
non-pathogenic first. 

Non-Pathogenic Bacteria. There are 300 varieties of non- 
pathogenic bacteria, and the list is continually being added to. 

Bacillus Frodigiosns. (Ehrenberg.) This bacillus, formerly 
called a micrococcus, is very common, and one of the first 
noticed, because of the lively red color it forms on vegetables 
and starchy substances. "The bleeding host," miracles being 
due to it. 

i^orm.— Short rods, often in filaments, without spores, 

ImmohiU, — Has no automatic movements. 

Facultative anoerohic, that is, it can grow without air; but 
the pigment requires oxygen to show itself. 

Growth, Gelatine, Liquefy rapidly. 

Colonies, — At first white, round points with smooth edge 
appearing brown under microscope, but soon changing to red. 

Stab Culiwres, — The pigment develops on the surface, the 
growth occurring all along the line. 

Potato is well suited to the growth, the pigment developing 
after twelve hours. Agar and blood serum growths do well. 

Temperature.^ Grows best at 25° C. 

Varieties,— By exposure to heat of brood-oven during several 
generations the power to produce pigment ca» be temporarily 
abolished. 

(80) 
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The Pigment — A pigment-forming body is created by the 
bacillus, and the action of oxygen upon it produces the color. 
It is insoluble in water, slightly soluble in alcohol and ether ; 
acids fade it, alkalies restore the color. The pigment resembles 
fuchsin, presenting the same metallic lustre. 

Gases. — ^A trimethylamin odor arises from all cultures. 

Stain, — ^Takes all anilin dyes easily in the ordinary way. 

Bacillus Indicus. (Koch.) Syn. Micrococcus Indicus, 

Origin. — Found in the stomach of an Indian ape. 

J^orm.— Short rods with rounded ends. No spores. Auto- 
matic movements present ; fo/ctdtative ancerohin. 

Growth, Gelatine,— L,iq\iefy rapidly. 

Colonies,— 'Round, or oval, granular margins ; brilliant red 
pigment, 

StaJ) Cultures,— On the surface the pigment shows itself. 
Grows y(e\\ on other media. 

Temperatwre.— Grows best at 35^ C. 

Action rni Animals. — In very large quantities, if injected into 
the blood, a severe and fatal gastro- 
enteritis can be produced. 

^ain.— Takes all dyes. 

Bacillus Mesentericus Vulgatus. 

The common potato bacillus of 
Fliigge, 

BaMtat— Surface of the soil, on 
potatoes, and in milk. 

i^orm.— Small thick rods with 
rounded ends, often in pairs. 

Properties, — Very motile ; pro- 
duce abundant spores; liquefy colony of Bacillus Mesentericus 
gelatine ; diastatic action. Vuigatus. 

Grotct/i.— Rapid. 

Plate Colonies, — Round, with transparent centre at first, then 
becoming opaque. The border is ciliated ; little projections 
evenly arranged. 

Potato,— A white covering at first, which then changes to a 
rough brown skin ; the skin can be detached in long threads. 

Temperature,— Scores at ordinary temperatures. 

6 
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/Spores.— Are very resistant ; are colored in the manner de- 
scribed in first part of the book for spores in general. 

Badllos Megaterimn (de Bary). 

Ongtn.— Found on cooked cabbage. 

JPbrw.— Large rods, four times as long as they are broad, 
2.5 fi. Thick rounded ends. Chains with ten or more members 
often formed ; granular cell contents. 

Properties.— Abundant spore formation ; very slow movement ; 
slowly dissolves gelatine. 

Grotct^.— Strongly asrobic ; grows quickly, and best, at a tem- 
perature of %P C. 

Plate CbZojiies.— Small, round, yellow points in the depth of 
the gelatine. Under microscope irregular masses. 

Fig. 45. 




Bacillus Megaterium, with spores. 



Stxih Culttire, — Funnel-shaped from above downwards. 

Potato. —Thick growth with abundance of spores. 

Bacillus Bamosus. 

Syn. B(w. Mycoides (Fliigge). Wvrzel or root bacillus. 

Origin.— In the upper layers of garden or farm grounds, and 
in water. 

Porm.— Short rods, with rounded ends, about three times 
as long as they are thick ; often in long threads and chains. 
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Properties.-— Large, shining, oval spores •, a slight movement ; 
liquefy gelatins. 

Growth,— At ordinary temperatures, with plentiful supply of 
air. 

Plate Colcmies, — Look like roots of an old tree gnarled together, 
radiating from a common centre. On surface soon liquid. 

8tai) Culture,— Soon a growth occurs along the needle track, 
and the whole resembles a pine tree turned upside down. The 
gelatine then becomes liquid, a thin skin floating on top, and 
small flakes lying at the bottom. 

Stroke Culture, — Feathery resemblance is produced. 

Staining, — Spores stain readily with the ordinary spore stain. 

Bacterium ZopflL (Kurth.) 

Origin, — Intestines of a fowL 

Form, — Short thick rods forming long threads coiled up, 
which finally break up into spores, which were once thought to 
be micrococci. 

Properties, — Very motile; does not dissolve or liquefy gela- 
tine. 

Growtli,— In thirty hours abundant growth; a^ohic; grows 
best at 20O C. 

P/afes.— Small white points which form the centre of a very 
fine netting. With high power this netting is found composed 
of bacilli in coils, like braids of hair. 

Excellent impress or "Klatsch" preparations are obtained 
from these colonies. 

/Stotniwgf. —Ordinary dyes. 

BadllUB Subtilis. (Hay Bacillus.) Ehrenberg. 

Ongrtn.— Hay infusions ; found also in air, water, soil, faeces, 
and putrefying liquids. 

Form, — Large rods, three times as long as broad ; slight 
roundness of ends, transparent ; seldom found singly ; usually 
in long threads. Flagella are found on the ends. Sjporea of 
oval shape, strongly shining, very resistant. 

Properties, — Very motile ; dissolves gelatine. 

Orowth.—Rsiiiid ; strongly aerobic. 

PUxte. — Round, gray colonies, with depressed white centre. 
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Under microscope the centre yellow ; the periphery like a wreath, 
with tiny little rays projecting ; very characteristic. 

Potato. — A thick moist skin forms in twenty-four hours. 

Staining, — Kods, ordinary stain, spores, spore stain. 

It is easily obtained by covering finely cut hay with distilled 
water, and boiling a quarter of an hour. Set aside forty-eight 
hours. A thick scum will show itself on the surface composed 
of the subtiUs baciUi. 

BacilluB Spinosus. (Liideritz.) 

Called spinosus because small spine-like processes are formed 
by the colonies. 

Origin. — In the juices of the body of a mouse and guinea-pig 
which were inoculated with garden earth. 

Form. — Large rods, straight, some sHghtly bent, ends rounded ; 
often in long threads. 

Properties.— L,a>rge spores, the bacillus enlarging to allow the 
spores to develop ; very motile ; gelatine slowly liquefied. A 
gas is formed in the culture having an odor like Swiss cheese. 

Growth. — The growth occurs at ordinary temperatures only 
when the oxygen is excluded. Very strongly anaerobic. Glu- 
cose added to the gelatine (1 to 2 per cent.) increases the nutri- 
tive value. 

Colonies in roll cultures and high stab cultures appear as little 
spheres surrounded by a zone of liquefied gelatine. In the 
deeper growths thorn-like projections or spines develop pro- 
ceeding from a gray-colored centre. 

Staining.^With. ordinary methods. This bacillus, being 
strongly anserobic, must be cultured with the usual care taken 
with anserobins. 

Some Bacteria found in ttilk. Bacilliis Acidi Lactid. 
(Hiippe.) 

Origin. — In sour milk. 

^orm.— Short thick rods, nearly as broad as they are long, 
usually in pairs. 

Properties.— Immotiie. Spores large shining ones. Do not 
liquefy gelatine. Breaks up the sugar of milk into lactic acid 
and carbonic acid gas, the casein being thereby precipitated. 

Qrowth.-^Siovf : is facultative anserobic. Grows first at 1(PC. 
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Plate Colonies,— 'First small white points, which soon look like 
porcelain, glistening. Under microscope the surface colonies 
resemble leaves spread out. 

j8^a6 Oulture, — A thick dry crust with cracks in it forms on the 
surface after a couple of weeks. 

Attenuation, — If cultured through successive generations, they 
lose the power to produce fermentation. Several other bacteria 
will give rise to lactic acid fermentation ; but this especial one 
is almost constantly found, and is very wide- spread. 

In milk, it first produces acidity, then precipitation of casein, • 
and finally, formation of gases. 

A bacillus described by Grotenfeldt, and called Bucterium 
Acidi lAictici, forms alcohol in the milk. It was found in milk 
in Bavaria. 

Badllns Bntyricus. (Hiippe.) 

This bacillus causes butyric acid fermentation. 

Origin, — Found in milk. 

i^orm.— Short and long thin rods with rounded ends ; large 
oval spores, seldom forming threads. 

Properties. — Very motile ; liquefies gelatine rapidly ; produces 
gases resembling butyric acid in odor. In milk it coagulates the 
casein, decomposes it, forming peptones and ammonia, with a 
bitter taste, and butyric acid fermentation. An alkaline reaction. 

Growth, — ^Quickly, at 35^^ to 40° C, with oxygen. Spons very 
resistant. 

Colmies, Plate, — Small yellow points which soon run together, 
becoming indistinguishable. 

Stab Oulture,—A small yellow skin formed on the surface with 
delicate wrinkles ; cloudy masses in the liquefied portion. 

Staining,— With ordinary stains. 

Bacillus Amylobacter (Van Tiegham) ; or, Clostridium Buty- 

ricum. (Prazmowsky.) (Vibrion butyrique of Pasteur.) 

Origin.— Found in putrefying plant-infusions, in fossils, and 
conifera of the coal period. 

Farm, — Large, thick rods, with rounded ends, often found in 
chains. A large glancing spore at one end, the bacillus becoming 
spindle-shape in order to allow the spore to grow ; hence the 
name Clostridium. 
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Fig. 46. Properties.— Very motile ; gases arise 

with butyric smell. In solutions of sugars, 
lactates and cellulose-containing plants, 
and vegetables, it gives rise to decomposi- 
tions in which butyric acid is often formed. 
Casein is also dissolved. 
Like granulose, a watery solution of 
I S -Cv fe) io<ii^i® will color blue some portions of the 
1 V ^ bacillus ; therefore it has been called amy- 
1 V » lobacUr. 

I J w Ghrowth — It is strongly ansBrobic, and 

w |j f has not yet been satisfactorily cultivated. 

f I Badllns Lactis Gyanogenns. Bacterium 

BaciUusAmyiobacter. Syncyanum, (Huppe.) 

On^in.— Found in blue milk. 
-Form.— Small narrow rods about three times longer than they 
are broad ; usually found in pairs. The ends are rounded. 

Properties. — They are very motile ; do not liquefy gelatine ; 
form spores usually in one end. A bluish-gray pigment is formed 
outside of the cell, around the medium. The less alkaline the 
media the deeper the color. It does not act upon the milk other- 
wise than to color it blue. 

OrowtK — Grows rapidly, requiring oxygen. Colonies on plate. 
Depressed centre surrounded by ring of porcelain-like bluish 
growth. Dark brown appearance under microscope. 

Stab Culture.— Grows mainly on surface ; a nail-like growth. 
The surrounding gelatine becomes colored brown. 
Potato. — The surface covered with a dirty blue scum. 
Attenuation. — After prolonged artificial cultivation loses the 
power to produce pigment. 

Staining. — By ordinary methods. 

Bacilliui Lactis Erythrogenes. Bacillus of Bed Milk. (Hiippe 
and Grotenfeldt.) 

Origrtw.— Found in red milk, and in the faeces of a child. 
J<brm.— Short rods, often in long filaments, without spores. 
Properties. — Does not possess self-movement. Forms a nause- 
ating odor ; liquefies gelatine. Produces a yellow pigment which 
can be seen in the dark, and a red pigment in alkaline media, 
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away from the light. In milk it produces the yellow cream on 
top of the blood-red serum, or, fluid in the centre, and at the 
bottom the precipitated casein. 

Qrowih. — Grows rapidly in bouillon and on potatoes ; slower 
on the other media; Plates, A cup-like depression in the centre 
of the colony, with a pink coloration around it, the colony itself 
being slightly yellow. 

Slab Culture. — The growth mostly on surface. The gelatine 
atlerwards colored red and liquefied. 

Potato. — A golden yellow pigment formed at 37^ C, after six 
days. 

Examination of Milk in Stained Specimen. A drop of milk 
diluted with a drop of distilled water is dried on the cover-glass 
and fixed by heat. Chloroform methyl blue, prepared by mix- 
ing 12 to 15 drops of saturated alcoholic solution of methyl blue 
with 3 or 4 c.c. of chloroform, is used for staining. The chlo- 
roform is then evaporated by exposing the specimen for a few 
minutes to the air. Bacteria blue; rest of field unstained. 

Another method is to mix a drop of milk with two or three 
drops of a 1 per cent, solution of sodium carbonate on a cover- 
glass. Saponification of the fat occurs on heating the mixture 
to evaporation. The preparation is then stained in the ordinary 
manner. 

Some Non-Pathogenic Bacteria found in Water. The bacteria 
found here are very often given to producing pigments or phos- 
phorescence, and are in great number. The more common ones 
only will be described. 

Bacillns Violacens. 

Origin. — Water. 

Ibrm. — A slender rod with rounded ends, three times as long 
as it is broad, often iii threads ; middle-sized spores. 

Properties. — Very motile ; forms a violet-blue pigment, which 
is soluble in alcohol, and depends upon oxygen for its growth. 
Bapidly liquefies gelatine, but not agar. 

Growth. — Grows fairly quick, is facultative anserobic. 

Cultures on Plate. — At first the colonies look like inclosed air- 
bubbles. Low power shows irregular masses, with a centre 
containing the pigment and a hairy-like periphery. 
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Stab Culture. — Cone-like liquefaction containing air, and the 
pigment, in separated granules, lying towards the bottom. 

Stroke Culture on Agar,— A violet, ink-like covering which 
remains for years. 

Badllns Goeralens. (Smith.) 

Origin, — Schuylkill water. 

Form, — Yery thin rods ; 2.5 ^. long, 0.5 ft, wide ; often in 
threads ; spores were not found. 

Properties. — Liquefies gelatine ; produces a very deep-blue 
pigment. 

Qrowth. — Slowly, with oxygen, at ordinary temperature. 

Plate.— Round colonies on the surface of bluish color. 

Stab Cultures, — A cup-shaped liquefaction along the needle 
thrust, with a sparse growth, the liquefied portion appearing 
blue. 

Fluorescent Bacteria. Several kinds present in water. 

Badllns Erythrospoms. (Eidam.) 

Origin, — Drinking water and putrefying albuminous solutions. 

Form, — Slender rods often in short threads, with spores of 
oval shape, and appearing as if stained with fuchsin. 

Properties, — Motile ; does not dissolve gelatine ; produces a 
greenish-fluorescent pigment which appears yellow in reflected 
light, but green on transmitted light. 

Qrowth, — Somewhat quickly ; facultative anaerobic ; growth 
only at ordinary temperatures. 

Plates, — White colonies, with greenish-yellow fluorescence 
around each colony. Under microscope the periphery appears 
radiated. 

Stab Cultures.— Good growth along the needle thrust ; the 
whole gelatine gives out the fluorescence. 

Bacillns Flnorescens LiqnefiEudens. 

Origin, — Water, and from conjunctival sac. 

Form, — Very fine little rods ; no spores. 

Properties, — Motile ; forms a greenish-yellow fluorescent pig- 
ment ; liquefies gelatine. 

G'roujt/i.— Rapid only at ordinary temperatures, and strongly 
aerobic. 
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Plates,— 'Round colonies, cup-shaped depressions, the solid 
gelatine that remains becoming colored with greenish-yellow 
fluorescence. 

Stab Culture. — On the surface, air-bubble depressions ; the 
white colonies in the bottom of these depressions, and the solid 
gelatine around the inoculation shining with the fluorescence. 

Phosphorescent Bacteria. Six varieties of phosphorescent 
bacteria have been described ; they are found usually in sea- 
water, or upon objects living in the sea. 

Badllns Fhosphorescens Indicns. (Fischer.) 

Origin. — Tropical waters. 

jFbrm. — Thick rods, with rounded ends, sometimes forming 
long threads. 

Properties. — Yery motile ; liquefying gelatine at a tempera- 
ture of 250 to 3CP C., with oxygen and a little moisture, and in 
the dark, a peculiar electric-blue light develops a phosphores- 
cence. 

Qrawth. — Slowly ; must have oxygen ; does not grow under 
1(P C. or over 50° 0. 

Plates. — Little round, gray points, which under low power 
appear as green colonies with reddish tinge around them. 
Cooked fish^ when smeared upon the surface with a little of the 
culture, show the phosphorescence most marked. Grows well 
on potatoes and hlood-serum. 

Bacillus Fhosphorescens Indigenns. (Fischer.) 

Oi'igin.—Wsiters in the northern part of Germany. It differs 
from the Indian bacillus, in that it grows at a temperature of 
50 C, and does not develop upon potatoes or blood-serum. 

Badllns Fhosphorescens Oelidns. (Forster.) 

Origrin.— Surfaces of salt-water fish. 

Form.— Short, thick rods, looking oval sometimes ; zoogloea 
are often formed. 

Properties. — Motile ; does not liquefy gelatine ; a beautiful 
phosphorescence from the surface of fish ; it can be photographed 
by its own light. 

Colonies.— Grows best between (P and 2(P C. ; grows slowly, 
and mostly on the surface. The material must contain salt. 
A bouillon made with sea-water, or 3 to 4 per cent, common 
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salt will suffice. The colonies appear as those of the Phospho- 
rescens Indicus. 

Fresh herring laid between two plates will often show phos- 
phorescence in twentj'-four hours. 

The other three varieties require glucose in the culture before 
they give out any glow. They are Bacterium Pflugeri^ Bad. 
Fischeri^ and Bad, BaUicum. They do not dissolve gelatine. 

Several very indistinct species, found in waters from factories 
and in some of the mineral waters, deserve yet to be men- 
tioned. They have been given various names by observers ; 
almost a new classification created. Such are the crenoihriXy 
cladbthrix, and heggiatoa. 

Grenoihrix Knhniana. (Eabenhorst.) Long filaments joined 
at one end ; little rod-like bodies form in the filaments ; and 
these break up into spores. 

Zoogloea are also formed by means of spores ; and these can 
become so thick as to plug up pipes and carriers of water. 
They are not injurious to health. 

Cladothrix Dichotoma. (Cohn.) Very common in dirty 
waters. The filaments branch out at acute angles, otherwise 
resembling the crenothrix ; accumulations of ochre-colored 
slime, consisting of filaments of this organism, are found in 
springs and streams. 

Leptothrix Buccalis. In the mouth long filaments or threads 
resembling bacteria are commonly found. At one end are seen 
numerous cocci-like bodies, which some regard as spores. The 
botanical position of this organism is not yet definitely deter- 
mined. 

With iodin the leptothrix is colored yellow. At one time it 
was considered the cause of " tartar " on the teeth, and often it 
fills the crypts of the tonsils, forming there small masses which 
are diflftcult to remove. Miller distinguishes three varieties — 
Leptothrix buccalis innominata, maxima, and gigantea. 

Beggiatoa Alba. (Vancher.) The most common of this 
species. The distinction between this and the preceding species 
lies in the presence of sulphur granules contained in the struc- 
ture, and hence they are often found where sulphur or sulphides 
exist ; but where the remains of organic life are decomposing 
they can also be found. 
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Several large spirilla and vibrio live in bog and rain-water, 
but our space does not suffice to describe them. 

Micro-organisms fonnd in XTrine. When freshly passed, urine 
of a normal state contains no bacteria. By contact with the air 
and the urinary passages exposed to air, a great number of yeast 
moulds and bacteria soon accumulate in the fluid. Bacteria 
also enter urine through the blood and during its secretion. 

A number of bacteria have the property of converting urea 
into carbonate of ammonia. 

The urine should be centrifuged and the deposit then exam- 
ined. The drying and fixing must proceed very slowly, since 
otherwise crystals of salt will be precipitated and mar the 
specimen. 

Bacterinm XTresB. 

Origin. — Decomposed ammoniacal urine. 

i^brTW. —Thick, little rods, with round ends one-half as thick 
as they are long. 

Properties.— Does not dissolve gelatine; changes urea into 
carbonate of ammonia. 

Growth,— At ordinary temperatures, very slowly. In two days 
on gelatine very minute points, which in ten days have the size 
of a cent. The colonies grow in concentric layers. 

Micrococcns XTreCB. (Pasteur and Van Tieghain.) 

Origin, — Decomposed urine and in the air. 

Form. — Cocci, diplococci, and steptococci. 

Properties, — Decomposes urea into carbonate of ammonia ; 
does not liquefy gelatine. 

Growth,— Grows rapidly, needing oxygen; can remain sta- 
tionary below (P C. ; growing again, when a higher temperature 
is reached. 

Colonies on Plate,— On the surface like a drop of wax. 

Stab Cultures.— Looks like a very delicate thread along the 
needle thrust. 

Other bacteria are found in urine in various pathologic pro- 
cesses, such as tubercle bacilli, typhoid bacilli, gonococci, and 
other pyogenic organisms. 

The Urobacillus liquefaciens, found by Schnitzler and Kro- 
gius in cystitis, is supposed to stand in close relationship to this 
disease. 
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Spirillum. Spirillnm Bnbrmn. (Esmarch.) 

Origin. — Body of a mouse dead with septicaemia. 

JPbrwi.— Spirals of variable length, long joints, flagella on each 
end ; no spores. 

Properties. — Does not liquefy gelatine ; very motile ; produces 
a wine-red pigment, which develops only by absence of oxygen. 

Growth. — Can grow with oxygen, but is then colorless ; grows 
very slowly ; ten to twelve days before any sign ; grows best at 

370 C. 

Gelatine Boll Cultures. —^nmW^ round; first gray, then wine- 
red colonies. 

Stab Cultures. — A red-colored growth along the whole line ; it 
is deepest below, getting paler as it approaches the surface. 

Spirillum Concentricum. (Kitasato.) 

Origin. — Decomposed blood. 

Fm^m. — Short spirals, two to three turns, with pointed ends ; 
it has flagella on the ends. 

Properties. — Very motile ; does not liquefy gelatine. 

Growth. — Yery slow ; mostly on the surface ; best at ordinary 
temperatures. 

Plates. — A growth of rings concentrically arranged, every 
alternate one being transparent ; the furthest one from the 
centre possessing small projections. 

Stab Cultures. — Growth mostly on the surface. 

Sarcina. Cocci in cubes or packets of colonies. A great 
number have been isolated ; many producing very beautiful 
pigments. The majority of them found in the air. 

Sardna Lutea. (Schroter.) 

Origin. — Air. 

Fomi. — Yery large cocci in pairs ; tetrads and groups of 
tetrads. 

Properties, — Liquefies gelatine slowly ; produces sulphur-yel- 
low pigment. 

Growth. — Slowly ; at various temperatures ; strongly aerobic. 

Plates. — Small, round, yellow colonies. 

Stab Cultures.— Grows more rapidly, the growth being nearly 
all on the surface, a few separated colonies following the needle 
thrust for a short distance. Agar^ a very beautiful yellow, 
along the stroked surface. 

Sarcina Aurantica. — Flava^ rosea,^ and alba are some of the 
other varieties. Many are obtained from beer. 
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Saracina Ventriculi- (Goodsir.) (Fig. 47.) 
Origin. — Stomach of man and animals. 

Fomi. — Colorless, oval cocci, in groups of eight and packets 
of eight. 

Fig. 47. 




Sarcina ventriculi from stomach-contents; X 530. (Van Yalzab and Nisbet.) 

Properties, — Does not liquefy gelatine ; shows the reaction of 
cellulose to iodine. 

Growth, — Rapid. At end of thirty-six hours, round, yellow 
colonies, from which colorless cocci and cubes are obtained. 

Habitat, — They are found in many diseases of the stomach, 
especially when dilatation exists. 



CHAPTER II. 

PATHOGENIC BACTERIA. 

We have divided this part into two portions. 

I. Those bacteria which are pathogenic for man and other 
animals. 

II. Those bacteria which do not affect man, but are patho- 
genic for the lower animals. 

Here again it will only be possible to give the more impor- 
tant bacteria ; there are many diseases in which micro-organisms 
have been found, but they have not yet been proven as cans? 
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tive of the disease, and have also been found in other diseases. 
We cannot treat of them here. 

BacillTis Anthracis. (Bayer and Damwe.)— Eayer and Da- 
vain e, in 1850, first described this bacillus; but Pasteur , and 
later Koch, gave it the importance it now has. 

Synonyms, — Bacteridie du charbon (Fr.), Milzbrand bacillus 
(German) ; bacillus of splenic fever, or malignant pustule. 

Origin, — la blood of anthrax-suffering animals. 

JPbrm.— Eods of variable length, nearly the size of a human 
blood-corpuscle, broad cup-shaped ends; in bouillon cultures, 
long threads are formed, with large oml spores. 

Fig. 48. 




Anthrax bacilli in human blood (fuchsin staining), Zeiss 1-12 oil immersion. 
No. 4 ocular taken from Vierordt. 

Properties. — Liquefies gelatine ; immotile ; the spores are very 
resisting, living twenty years. 

Grmcth. — Grows rapidly, between 12^ C. and 45^ C., and re- 
quires plenty of oxygen, not growing without it ; grows well in 
all media. 

Plates of Gelatine. — Colonies develop in two days, white shiny 
spots, which appear uhder microscope as slightly yellowish 
granular-twisted balls, like a ball of yarn ; each separate string 
or hair, if looked at under high power, being composed of bac- 
teria in line. 

Stab Cultures. — A white growth with thorn-like processes along 
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the needle-track ; later on, gelatine liquefied, and flaky masses 
at the bottom. 

Potato. — A dry creamy layer, and when placed in brood-oven, 
rich in spores. 

Varieties. Aspoi'ogenic,-f-3y cultivation in gelatine, contain- 
ing 1 to 1000 ac-carbolic, a variety develop that cannot produce 
spores. Also involution forms, differing from the usual type. 



Fig. 49. 



Fig. 50. 





Stab Cultures of Anthrax in Gelatine. 



Staining. — They readily take all the aniline dyes with the 
ordinary methods. To bring out the cup-shaped concave ex- 
tremities, a very weak watery solution of methylin blue is best. 

Spores are stained by the usual method. When several bacilli 
are joined together, the place of their joining looks like a spore 
because of the hollowed ends. The double staining will develop 
the difference. 

Sections of tissue are stained according to the ordinary 
methods, taking Gramas method very nicely. 
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Pathogenesis. — ^When mice are inoculated with anthrax mate- 
rial through a wound in the skin, they die in twenty-four hours 
from an active septicaemia, the point of inoculation remaining 
unchanged. The following appearances then present them- 
selves : — 

Pmtonctim.— Covered with a gelatinous exudate. 

Spleen, — Very much swollen, dark red, and friable. 

Xiuer. —Parenchymatous degeneration. 

Blood. — Dark red. The bacilli are found wherever the capil- 
laries are spread out, in the spleen, liver, intestinal villi, and 
glomeruli of kidney, and in the blood itself. Only when the 
capillaries burst are they found in the tubules of the kidney. 

Mode of Entrance. — The bacilli can be wJialed^ and then a 
pneumonia is caused, the pulmonary cells containing the bacilli ; 
when the spores are inhaled, a general infection occurs. 

Feeding. — The cattle graze upon the meadows, where the 
blood of anthrax animals has flowed and become dried, the 
spores remaining, which then mix with the grass and so enter 
the alimentary tract ; here they then cause the intestinal form 
of the disease, ulcerating through the villi. 

Local Infection. — In man usually only a local action occurs ; by 
reason of his occupation — wool-sorter, cattle-driver, etc., he 
obtains a small wound on the hand, and local gangrene and 
necrosis set in. 

Pneumonia by inhalation can also occur in man. 

Susceptibility of Animals. — Dogs, birds, and cold-blooded ani- 
mals affected the least ; while mice, sheep, and guinea-pigs 
quickly and surely. 

Products of Ant/irax Bacilli. — A basic ptomaine has not been 
found, but a toxalbumen or proteid, called anthraxin, has been 
obtained. A certain amount of acid is produced by the virulent 
form, alkali by the weak. 

Atteniujction and Immunity. — Cultures left several days at a 
temperature between 4(Pand42o C. soon become innocuous, and 
when injected into animals protect them against the virulent 
form. 

The lymt)h obtained from lymph-sac of a frog destroys the 
virulence of anthrax bacilli and spores temporarily. 

Ilankin obtained an alexin from the blood and spleen of rats, 
they being naturally immune. It destroyed the anthrax bacilli 
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in vitro, and used by injection in susceptible animals made 
them immune. It is insoluble in alcohol or water. 

Protective Vaccination. — Animals have been rendered immune 
by various ways — by inoculation of successive attenuated cul- 
tures ; also with sterilized cultures — that is, cultures containing 
no bacilli, and with cultures of other bacteria. 

Habitat. — The anthrax disease seems confined to certain dis- 
tricts in Siberia, Bavaria, and Auvergne, and inainly during the 
summer months. 

The bacillus has never been found free in nature. 

BadllnB Tuberculosis. (Koch. ) 

This very important bacillus was first de8cril>ed, demonstrated, 
and cultivated by Koch, who made his investigations public on 

Fig. 51. 



Tabercle bacilli io spa turn, carbol-fuchsin, and methylin blue. Zeiss 1:12 oil 
immersion. 

the 24th of March, before the Physiological Society of Berlin, 
in the year 1882. 

Origin.— In various tubercular products of man and other 
animals. 

Form.— Very slender rods, nearly straight, about one-quarter 
7 



98 



ESSENTIALS OF B ACT ER lOLOG Y. 



the size of a red corpuscle's diameter, their ends rounded, usu- 
ally solitary, often, however, lying in pairs in such a manner as 
to form an acute angle. Sometimes they are ' S'-shaped. In 
colored preparations little oval spaces are seen in the rod, which 
resemble spores ; but the question of the existence of spores is 
still undecided. 

Properties, — Does not possess self-movement. 

6rroiof/i.— Requires special media for its growth, and a temper- 
ature varying but slightly from 37.5^ C. It grows slowly, de- 
veloping first after ten days, reaching its maximum in three 
weeks. It is facultative anoerobic. On gelatine it does not 
form a growth. 

Colonies on Blood ScrMm.— Koch first used blood serum for 
culture ground, and obtained thereon very good growths. Test- 
tubes with stroke culture were placed in the brood oven at 37° C. 
for ten to fourteen days, when small glistening white points ap- 
peared which then coalesced to form a dry, white, scale-like 
growth. Under microscope composed of many fine lines con- 
taining the tubercle bacillus. 

Glycerine Agar, — By adding four to six per cent, glycerine to 
ordinary agar-peptone medium, Nocard and Roux obtained a 
culture ground upon which tubercle bacilli grew much better 
than upon blood serum. This is now almost exclusively used. 

Stroke cultures are here used as with blood serum. They are 
placed in brood-oven after inoculation, and remain there about 
ten days, at a temperature of 37° C. 
The cotton plugs of the tubes are 
covered with rubber caps, the cotton 
first having been passed through the 
flame, and moisfened with a few drops 
of sublimate solution. The rubber 
cap prevents the evaporation of the 
water of condensation which always 
forms, and keeps the culture from dry- 
ing up. 

The growth which occurs resembles 
the rugse of the stomach, and some- 
times looks like crumbs of bread moist- 
ened. The impression or " Klatsch" 




Tubercle bacilli in human 
liver 600 X- (I^rSnkel and' 
Pfeiffer.) 

preparation shows under 
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the microscope a thick curled-up centre around which threads 
are wound in all directions. And these fine lines show the 
bacilli in profusion. 



Fig. 53. 



Jr^%^ 




Potato,— It can be cultivated on slices of potato which are 
placed in air-tight test-tubes. 

Bouillon.— 'BomWon containing four per cent, glycerine is a 
VQry good nurture ground. 

Varieties. — Dixon, of Philadelphia, and others have obtained 
branched forms of bacilli and club-shaped forms, and because 
of this some observers, like Lehman, class the tubercle bacilli 
with Actinomyces under the Hyphomycetes, or Mykohacteiia. 

Little granules arranged like streptococci, which take the 
characteristic stain, and look as if the protoplasma had been 
destroyed that enclosed them, are frequently found in sputum. 
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Bovine tubercle-bacilli are about one-third smaller than human 
tubercle bacilli. 

Fig. 54. 




Growth on Agar. 

Staining.— The tubercle bacilli require special methods to 
stain them, and a great number have been introduced. They 
are stained with great difficulty : but once stained, they are 
very resistant to decolorizing agents. Upon these facts all the 
methods are founded. 

It will only be necessary to describe those methods principally 
in use; and as' the examination of sputum for bacilli is of so 
frequent an occurrence, and so necessary, it is well to detail in 
particular the method of staining. 

Starting with the sputum, we search for little clumps or rolted- 
up masses ; if these are not present, the most solid portions of the 
mucus are brought with forceps upon a clean cover-glass ; very 
little suffices. With another cover-glass it is pressed and spread 
out evenly ; drawing one glass over the other, we obtain two 
specimens, and these put aside or held high over the flame until 
dry. 

If we desire to examine the specimen quickly, or make a 
hurried diagnosis, we use the rapid method, with hot solutions ; 
otherwise we let it stay, in cold solution until the next morning 
the advantages of which will be later on described. 

The Jiapid Method.— (B, FrankePs method modified by Gab- 
bet.) The principle is to combine with the contrast stain the 
decolorizing agent ; but the preparations are not permanent ; 
the method, however, is very useful. 
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Two solutions are required: one of Ziehl's carbol-fuchsin ; 
the other Gabbet's acid methylin blue. (See No. X., on 
page 33.) 

The cover-glass containing the dried sputum is passed three 
times through the flame, as described in the general directions. 
It is then placed in the carbol-fuchsin solution five minutes (cold), 
or two minutes in the hot, immediately then transferred to the 
second solution, the acid blue, where it remains one minute, 
then washing in water. The preparation is dried between filter- 
paper, and mounted best first in water. Examined with oil- 
immersion. 

AnoHier Bapid Method. — This method possesses the advan- 
tage of giving permanency to the preparations ; but the bacilli 
are distorted and ugly crusts form. 

Three dishes are required : — 

The first contains nitric acid and water 1-4. 

The second alcohol. 

The third distilled water. 

They are arranged one after the other in the above order. 

Two staining solutions must be at hand, carbol-fuchsin and 
watery methylin blue. The cover-glass containing the dried 
sputum is passed three times through the flame, then covered 
with a few drops of carbol-fuchsin, and held in the forceps over 
the flame, so tliat the stain will boil upon the glass. With a 
pipette the dye is constantly added and kept boiling for about 
one minute. It is then decolorized by holding it in the first 
dish until it appears brownish-black, then directly into the 
second dish, when the alcohol peals off* the red color in little 
clouds, and it becomes nearly colorless ; about five seconds 
suffice. Then it is placed in the third dish, the water washing 
off the alcohol. If the color of the preparation is now deeper 
than a slight pink, it is again dipped into the acid, alcohol, and 
back into the water, careful not to hold it too long in the above 
solutions. The contrast stain is now applied, a few drops of the 
methylin blue solution left on cold for two minutes being suffi- 
cient. The glass is next dried and mounted on the slide in 
Canada balsam. Examined with oil-immersion. The "tubercle 
bacilli red,, all else blue. Instead of holding cover-glass in for- 



102 ESSENTIALS OP BACTERIOLOGY. 

ceps, it can be placed in a test-tube containing carbol-fuchsin 
and heated in this manner. 

Shw Method. — When perfect permanent preparations are 
desired and the bacilli to be seen unaltered, the slow method is 
to be preferred, and it is to be recommended whenever the time 
allows. It consists simply in allowing the carbol-fuchsin to work 
upon the preparation a number of hours. We usually place the 
cover glass with the dried sputum and which has been drawn 
through the flame three times, in a little dish containing enough 
dye to allow the glass to be immersed. We do this about 5 or 6 
o'clock P.M., and the next morning the preparation is ready 
for decolorizing, the process being the same as described above, 
viz., 25% nitric acid, alcohol and water, and the contrast stain 
methylin blue. We thus avoid the formation of ugly crusts, 
the bacilli are not distorted, the specimen is permanent and 
very clear. 

BiederVs Method of Collecting Bacilli, when the bacilli are 
very few in a great quantity of fluid, as urine, pus, abundant 
mucus, etc., Biedert advises to mix 15 c.cm. of the fluid 
with 75 to 100 c.cm. water and a few drops of potassium or 
sodium hydrate, then boiling until tlie solution is quite thin. It 
is placed in a conical glass for two days, and bacilli with other 
morphological elements sink to the bottom of the glass ; when 
the supernatant liquid is decanted, the residue can be easily 
examined. In this way bacilli were found that had eluded 
detection examined in the ordinary manner. 

The centrifugal machine is used either in connection with 
Biedert's sediment method or without, to obtain the solids sus- 
pended in urine or serum. 

Carbolic Acid to Hediitient Sputum. — Pure carbolic acid added 
to sputum (about 1 part of the acid to 6 parts of sputum) will 
in a few hours produce a coagulation and allow the sputum to 
be spread evenly on the cover-glass, showing greater collections 
of bacilli. 

Without couer-gftes.— Sputum can be spread and stained on 
the glass slide without the use of a cover-glass, the oil oi cedar 
being placed directly on the stained sputum, and the oil immer- 
sion lens dipping into it. It is a rapid and cheap way ; and 
when a given case is to be studied daily the method is useful. 
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Pure Cultures from Spfutum, — Kitasato recommends the tho- 
rough washing, changing the water ten times, of the small masses 
found in the sputum of tubercular persons. When such speci- 
mens are examined they show tubercle bacilli alone, and when 
inoculated in agar give rise to pure cultures. 

Staining Bacillus Tuberculosis in Tissve (sections), — The general 
method of Gram can be used, but the better way is to use the 
following : — 

Carbol-fuchsin, 15 to 30 minutes. 
5 per cent, sulphuric acid, 1 minute. 
Alcohol, until a light-red tinge appears. 
Weak methylin blue, 3 to 5 minutes. 
Alcohol, for a few seconds. 
Oil of cloves, until cleared. 
Canada balsam, to mount in. 
Instead of carbol-fuchsin, alcoholic solution offuchsin or aniline 
water fuchsin can be used, but the sections must remain in the 
stain over night. 

Hardened sputum and sectioning, — Sputum can be hardened by 
placing it in 98 per cent, alcohol. Thin sections can be obtained 
by imbedding the hardened sputum in collodion. The sections 
are then stained as ordinary tissue sections. 

To preserve sputum.— Scutum can be preserved for future use 
by placing it in alcohol, where it can be kept for months. Cover- 
glass preparations can then be made by softening the coagula 
with a small amount of liquor potassa. 

The resisting action of the bacillus to acids is supposed to 
be due to a peculiar arrangement of the albumen and cellulose 
of the cell rather than to any particular capsule around it. 

Pathogenesis, — When a guinea-pig has injected into its peri- 
toneal cavity some of the diluted sputum containing tubercle 
bacilli it perishes in about three weeks, and the following 
picture presents itself at the autopsy : at the point of inoculation 
a local tuberculosis shows itself, little tubercular nodules contain- 
ing the characteristic bacilli. In the lungs and the lymphatics, 
similar tubercles are found, a general tuberculosis. 

If the animal lingers a few weeks longer, the tubercles become 
necrosed in the centre and degeneration occurs, the periphery 
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still containing active bacilli, cavities having formed in the 
centre. 

Since the bacilli die in course of time, killed by their own pro- 
ducts, their number forms no correct guide of the damage present. 

Even their absence in the sputum does not preclude the ab- 
sence of a tubercular process. It is their presence only that 
warrants a positive declaration. The number of bacilli in a 
given specimen is no indication of the severity of the disease. 

They are found in the blood only when a vessel has come in 
direct contact with a tubercular process through rupture or 
otherwise. They have been found in other secretions, milk, 
urine, etc. 

Man is infected as follows :— 

Through wounds,— Local tuberculosis. 

Through nutrition, — Milk and meat of tuberculous animals. 

Phthisical patients swallowing their own sputum and causing 
an intestinal tuberculosis. 

Inhalation, — This is the most usual way, probably constitu- 
ting the cause in ^% of the cases. 

The sputum of phthisical patients expectorated on the floors 
of dweUing-houses in handkerchiefs, etc, dries, and the bacilli 
set free are placed in motion by the wind or rising with the dust 
are thus inhaled by those present. When the sputum is kept 
from drying by expectoration in vessels containing water, this 
great danger can be avoided. 

Nearly all the cases of hei'edity can be explained in this man- 
ner ; the young children, possessing very little resistance, are 
constantly exposed to the infection through inhalation and also 
by nutrition. 

Immunity,— 'No one can be said to be immune, though per- 
sons who have been greatly weakened would offer less resistance 
than healthy individuals. 

Products of Tubercle Bacilli. The last years have developed 
some wonderful facts in relation to this important deadly bacillus. 
In 1889, Dr. Dixon, then Professor of H^-giene at the Univer- 
sity of Pennsylvania, spoke of a method of curing tuberculosis 
in guinea-pigs and with products obtained from the bacillus ; 
not much was thought of this statement at the time. 
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In August, 1890, Koch, before the Medical Congress claimed 
that he also had been able to cure tuberculosis in guinea-pigs, 
and would be able to give some interesting facts later on. In 
November he claimed that he had obtained reactions in man 
similar to those in the guinea-pig, and believed that a cure was 
at hand. 

In the excitement which followed this statement, the greatest 
hopes were raised and the impossible expected. In January, 
1891, Koch made public the manner of preparing the lymph or 
*' Tuberculin" or " Kochin," as it was variously called : old cul- 
tures of tubercle bacilli mixed with 60 per cent, glycerine and 
filtered through a Chamberlain-Pasteur filter, the filtrate thus 
obtained being a dark-brown liquid, sp. gr. somewhat higher than 
water, an odor like '' beef extract," a sweetish taste, not soluble 
in alcohol ; according to Jollas, containing 50 per cent, water, 
and showing a strong Biuret reaction ; 1 milligramme of the 
lymph is supposed to contain but jjiaa milligramme of the ac- 
tive principle. Dixon's lymph is obtained in a very similar 
manner, and no doubt contains the same principle. 

Dixon recommends instead of using the pure culture for 
obtaining the lymph, the tuberculosis lung of calf, a portion of 
which is treated with water and glycerine, and then filtered 
through Chamberlain-Pasteur filter without pressure. 

Manner of Using Koch^s Lymph,— One milligramme of the 
Koch's lymph is injected under the skin of one suffering with 
a tubercular process, and in a few hours to a few days, a rise of 
temperature, tightness about the chest, and exaggerated cough- 
ing spells take place, the symptoms varying in intensity; 
usually a secondary rise occurs on the following day. The 
dose has been gradually increased until the reactions subsided, 
and 600 milligrammes have then been borne without any reaction. 

On Lupus the process could be watched and was very char- 
acteristic ; a peculiar redness after the first injection, and after 
a few more injections scabs formed, and an apparent cure seemed 
to be obtained, but relapses were common and but very few 
authentic cures if any can now be had. 

Tuberculin is a protein, and has no action on the bacilli, but 
seems to act on tubercular tissue, adding to the inflammation 
and exciting phagocytosis. 
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Koch believed that the tuberculous tissue was rendered 
necrotic by this toxic principle, making the soil unfit for the 
bacilli, which then perished or were expectorated. 

Virchow dampened the excitement and ardor by showing 
a great diffusion of fresh miliary tubercles in the bodies of 
persons who had died and who had been treated with the 
lymph. 

Present Use of Tuberculin. — Tuberculin is now employed only 
as a diagnostic agent in supposed cases of tuberculosis in cat- 
tle. A reaction usually occurs in those animals which are 
affected. It has been used in doses of 30 to 40 grammes. 

Tuberculocidin, — ^This is an albuminoid obtained from tne 
original tuberculin by precipitation with alcohol. Klebs used 
it as a cure for tuberculosis. 

Tuberculin R. is an extract made from dried and powdered 
living bacilli, and was recommended by Koch in place of the 
original tuberculin, but it has likewise proven useless. 

Antitoxin of Tnbercnlosis. An antitoxin obtained from im- 
munized guinea-pigs has been recommended as a cure, but the 
results are as yet undecided. 

Examination of Milk for Tnbercle Bacilli. Place a drop of 
the sample on a cover-glass and mix it with 2 drops of a 1 per 
cent, solution of sodium carbonate. The cover-glass is then 
gently warmed until evaporation is complete. The saponified 
fat .is then stained as the ordinary cover-glass preparation. 
Only a very few persons have succeeded in discovering the 
bacillus in milk. 

Lepra Bacillns. (Hansen. ) 

Origin, — In 1880 Armauer Hansen declared, as the result ot 
many years' investigation, that he found a bacillus in all leprous 
processes. 

i<brm.— Small slender rods somewhat shorter than tubercle 
bacilli, otherwise very similar in appearance. 

In the interior of the cell two to three oval spaces are usually 
seen, not known if spores or otherwise. 

Properties.— They are immotile, do not liquefy the nutrient 
media. 

Growth. — Bordoni-Uffreduzzi have obtained growths upon 
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blood serum to which peptone and glycerine had been added. 
The growth is very slow, requiring about eight days at a tem- 
perature of 370 C. 

Colonies. — Small grayish round spots, under microscope ap- 
pearing like a close-netted spider web around a firm centre. 

Stab Cultures. — Show a waxy-like growth along the needle track. 

Staining. — They resist the decolorizing action of acids as the 
tubercle bacilli, but they are easily stained, requiring but a 
few minutes with the ordinary watery solutions. (They take 
Gram's stain readily^ 

Patlwgenesis.—AYnmg has inoculated prisoners with tissue 
obtained from leprous patients, and produced true leprosy. 

Rabbits which had been infected through the anterior chamber 
of the eye showed the lepra nodules (containing the lepra 
bacilli) diffused through various organs. 

In man the skin and peripheral nerves are principally affected, 
but the lymphatic glands, liver, and spleen can also become the 
seat of the lepra nodules. The lepra cells which compose these 
nodules contain the bacilli in large numbers. By applying a 
vesicant to the leprous skin the serum thereby obtained will con- 
tain great numbers of bacilli. This is a simple diagnostic test. 

Method of Infection, — Not yet determined ; the air, soil, water, 
and food of leprous districts have been carefully examined with- 
out result. The nasal secretion is very infectious. 

Syphilis Bacillus of Lustgarten (Smegma Bacillus of Alvarey 
and Tavel). Lustgarten in 1885, through a certain staining 
process, found peculiar bacilli in syphilitic tissues which he 
thought had a direct connection with the disease. 

In the same year Alvarey and Tavel and Matterstock found 
a similar bacillus reacting in the same way to Lustgarten's color 
method in normal secretions, especially in the smegma of the 
prepuce. 

The question yet remains an open one, what relation the 
syphilis or the smegma bacillus bears to syphilis, and will 
remain so until the bacillus can be cultivated, which so far has 
not been accomplished. 

Bacillus of Glanders. (Bacillus Mallei^ Loffler-Shiitz.) Botz 
bacillus. 
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Origin, — In the '* farcy buds'' or little nodules of the disease, 
by Loffler and Shiitz in 1882. 

Form, — Small slender rods, about the size of the tubercle 
bacillus. The ends rounded. Never appearing in large collec- 
tions, usually singly. Spores are present. 

Fig. 55. 





Bacillus of Glanders. 

Properties. — The rods are very resistant, living in a dried state 
for three months and longer without any spores present. They 
are not motile ; possess, however, great molecular vibration. 

Growth. — The growth occurs between 25^ and 4(F C, best 
at 37^ C; it is very sparse upon gelatine, but on glycerine-agar 
or blood serum a very abundant growth occurs. 

Colonies, — On agar or glycerine-agar there appear in two to 
three days small white glistening drops, which under microscope 
seem as round granular masses with an even periphery. 

Stroke Cultures.— On glycerine-agar and blood serum small 
transparent drops of whitish or grayish color, which soon 
coalesce to form a broad band. 

Potato. — An amber-colored honey-like growth which gradually 
turns red, then brown and greonish-l)rown around it. Weakly 
acid potatoes are a good medium. 

Staining.'— Since the bacillus is very easily decolorized, some 
special methods have been recommended. 

Loffler^s, — (For cover-glass preparations.) 

1. Alkaline methylin blue (Loffler's). 5 minutes. 
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2. Acetic acid with a few drops of tropscolin. 1 second. 

3. Washed in water. 

For Sections. — Instead of tropseolin acetic acid, the following 
mixture is used : — 

^— Oxalic acid 5 per cent. . . . gtt. j. 

Cone, sulphuric, acid gtt. ij. 

Aq. destill. 3ij. — M. 

The sections are kept in this 5 seconds. 
Kuhne's method. Goverglass, 

1. Warm carbol-blue 2 min. 

2. Decolorized in weak sol. of muriatic acid (10 parts to 500). 

3. Washed in water. 
Sections of Tissue, 

1. Carbol-blue, ^ hour. 

2. Decolorized in i per cent, muriatic acid. 

3. Washed in distilled water. 

4. Dehydrated in alcohol 1 second. 

5. Aniline oil with 6 gtts. of turpentine. 5 min. 

6. Turpentine, xylol, Canada balsam. 

If contrast stain, add 5 gtts. of safranin (Bismark-brown) to 
turpentine, and use it after the xylol. 

Pathogenesis. — If horses, field mice, or guinea-pigs be inocu- 
lated subcutaneously, with but a very small quantity of culture, 
a local affection results, followed some time after by a general 
disturbance ; ulcers form at the point of inoculation ; little 
nodules, which then caseate, leaving scars and involving the 
lymphatics ; metastatic abscesses then occur in the spleen and 
lungs, and death arises from exhaustion. Cattle, pigs, and rab- 
bits are not easily affected ; man is readily attacked. The ba- 
cilli gain entrance to the blood and urine. Nasal glanders 
occurs whatever the mode of inoculation. 

Manner of J/j/ection.— Glanders being a highly contagious dis- 
ease, it requires but a slight wound to allow it to gain entrance. 

In horses the primary sore seems to be at the nasal mucous 
membrane. In man it is usually on the fingers. Boiling water 
or 1-10,000 sublimate solution will quickly destroy the virulence 
of this bacillus. 



110 ESSENTIALS OP BACTERIOLOGY. 

Mallein. A substance called nioMein has been obtained from 
the cultures grown in glycerin bouillon. It gives a reaction 
when injected into cattle suffering from glandei-s, and is said 
to be useful in curing the disease. 

Bacillus of Diphtheria. (Klebs-Loffler.) 

Origin. — Klebs found it in membrane in 1883 ; it was isolated 
by Loffler in 1884. 

Farm. — Small, slightly curved rods about as long as tubercle 
bacilli and twice as broad; the ends are at times swollen; spores 
have not been found. Their form is, however, very variable-- 
sometimes much longer than usual, one end often greatly 
knobbed. Normal bacilli are found only in membrane. 

Stained forms are characteristic, since the ends are more easily 
colored than the centre, and usually the bacillus stains in seg- 
ments, so that it seems to be made up of very short sections. 
At first sight it appears like a chain of cocci. 

Properties.— They do not possess any movement ; do not 
liquefy gelatine. They are not very resistant, being destroyed 
by a temperature of 5(P C, but they have lived on blood-serum 
live months. 

Growth.— Grow readily on all media, but best on blood-serum 
mixtures, between temperatures of 20° and 40° C. They are fac- 
ultative anaerobic ; they grow quite rapidly and profusely. Egg 
cultures (Hueppe's method) give good growths. Passing cur- 
rents of air increase the growth. 

Colonies on Gelatine Plates. — At 24** C. little round colonies, 
white under low-power, granular centre; irregular borders. 

Stab CwZtures.— Small, white drops along the needle track. In 
glycerine-agar a somewhat profuse growth. 

Potato.— On alkaline surface, a grayish layer in 48 hours. 

Blood'Serum (after Loffler). — Blood serum 3 parts, and bouil- 
lon 1 part ; the bouillon contains peptone, 1 per cent., chloride 
of sodium, } per cent., and dextrin (or glucose), 1 per cent. 

In a few hours (eight to sixteen) on the white opaque surface 
a slight moisture is noticeable, which, if examined, is composed 
of bacilli. In twenty -four hours small round colonies are found 
which seem to arrange themselves concentrically. The growth 
becomes more abundant, and the individual colonies larger and 
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yellowish. On blood-coagulvm the growth is usually gray and 
the margins of the culture crenated. Often a diagnosis can be 
made in four hours if the serum tubes are kept in a brood oven. 

Serum-Agar. — Joos finds seruin-agar better than Loffler's 
serum: 300 c.c. blood-serum mixed with 50 c.c. normal soda 
solution and 150 c.c. water, heated in water bath for 2 to 3 hours 
at 60° to 70° C, then raised to 100° C, or in steam chest J hour. 
Then 500 c.c. peptone bouillon (slightly alkaline) and 20 gm. 
agar. When the agar is dissolved by heat, avoiding prolonged 
boiling, the mixture is filtered and sterilized J hour at 100° to 
110^ C. in autoclave ; then poured into petri dishes. Strepto- 
cocci do not grow on this medium, whereas diphtheria bacilli 
will grow in from 6 to 12 hours. 

Bouillon. — In bouillon an abundant growth takes place, and 
t,his medium is used to obtain the toxins. 

I Staining. — Is not colored by Gram's method. Stained best 
with Loffler's alkaline methylin-blue. 

Pathogenesis. — By inoculation, animals, which naturally are 
not subject to diphtheria, have had diphtheritic processes de- 
velop at the site of infection ; hemorrhagic oedema then follows, 
and death. 

In rabbits paralyses develop, and when the inoculation occurs 
upon the trachea, all the prominent symptoms of diphtheria 
show themselves. 

Manner of Infection in Man. — The exact way is not yet known. 
It is supposed that the mucous membrane altered in some man- 
ner, the diphtheria bacillus, then gains entrance and the disease 
develops. The bacilli may be found in healthy individuals who 
may act as a source of infection to susceptible individuals with- 
out themselves becoming infected. 

Products, — But it is not the mere presence of the bacillus that 
gives rise to all trouble ; certain products which they generate 
get into the system and produce the severe constitutional symp- 
toms. 

Koux and Yersin, in 1888, discovered that the injection of the 
filtered culture bouillon (that is, freed of all diphtheria bacilli) 
gave rise to the same palsies as when the bacilli themselves were 
introduced. 
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Toxins of Diphtheria. — Brieger and Frankel filter the bouillon 
culture, evaporate (in vacuo at 27° C.) to J volume, then treat 

Fig. 56. 
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Bacillus di))htheri;£, from a pure culture. 
Fig. 57. 




Bacillus diphtherise, from a culture upon blood-serum ; X 1000 (FrSukel and Pfeiffer). 



with 10 volumes of alcohol and acetic acid, the precipitate re- 
dissolved in water and reprecipitated with the acidulated alco- 
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hol until a clear aqueous solution is obtained; this is then 
dialyzed for 72 hours, and again precipitated with alcohol, and 
dried ; a white amorphous body results, giving all the reactions 
of an albumen, and called by them toxalbumen. 

The Umn of diphtheria, first demonstrated by Roux and 
Yersin, is not an albumen. It is obtained by growing virulent 
bacilli in bouillon for three or four weeks at 37° C. After a 
sufficient alkalinity has been produced the cultures are fil- 
tered, and the filtrate should have a toxicity that will destroy 
a 500-gramme guinea-pig in twenty-four hours when 0.1 c. cm. 
of the toxin is injected. 

Antitoxin. Behring found that animals rendered immune 
had a principle in their blood that was antagonistic to the 
development of the toxin. 

Immunity. — Brieger and Frankel, by injecting 10 to 20 c.cm. 
of a three weeks' old culture of diphtheria bacilli, which had 
been heated at 7(P C. for one hour, produced an immunity in 
guinea-pigs against the virulent form. 

This important discovery has been utilized in a practical way. 
Horses are made immune by gradually increased doses of the 
toxin until 300 c. cm. can be borne without bad effect. This 
may require several months' time. The serum of such an im- 
munized animal is now possessed of antitoxic properties. 

Behring has standardized the strength of antitoxic serum, so 
that we say a serum has an immunizing strength of 60 units 
or 100 unite, which means that 0.1 c. cm. of the serum would 
protect against 1 c. cm. of the toxin when injected together into 
guinea-pigs. 1 cubic centimetre of this is the unit. The strength 
commonly employed in human beings is 1500 units in 10 c. cm. 
If this amount is injected into a child suffering from diphtheria 
in the earlier stages (second to third day), the disease is often 
arrested. The membrane begins to disappear, and in two or 
three days has vanished. The constitutional symptoms are 
likewise greatly influenced by the injection. If a smaller dose 
is injected into persons who have been exposed to contagion, 
the disease is prevented from appearing. 

The arUUoxin has no influence on the bacteria themselves; 
their virulence and length of residence in the body is not 
lessened. 
8 
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The toxin generated by the germ is supposed to be neutral- 
ized by the antitoxin and prevented from injuring the body 
tissues. 

Behring found several ways to make animals immune. One 
method was to infect them with diphtheria and then inject tri- 
chloriodine into them, which prevented them from dying, and 
they were then immune. 

SUe of Bdcilli, — Bacilli are usually found in the older portions 
of the pseudo-membrane very near to the surface. The secre- 
tions of the throat of a diphtheritic child produced bacilli three 
weeks after the temperature was down to normal. 

Streptococcus in Diphtheria. Streptococci have been found 
quite constant in diphtheria, but they resemble the strepto- 
coccus pyogenes, and have no specific action. 



Fig. 58. 







Bacillus typhi, from an agar-agar culture six hours old, showing the flagella stained 
by Lofflgr's method ; X 1000 (Frankel and Ffeitter.) 

Pseudo-diphtheritic bacillus is probably a weakened or a vir- 
ulent form of the true bacillus. 
( Bacilliis of Typhoid or Enteric Fever. (Eberth-Gaflfky.) 

Origin. — Eberth found this bacillus in the spleen and lym- 
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phatic glands in the year 1880, and Gaff ky isolated and cultivated 
the same four years later. 

Form. — Eods with rounded ends about three times as long as 
they are broad. Usually solitary in tissue-sections, but in arti- 
ficial cultures found in long threads. Flagella on the side. 

Properties, — They are very motile ; they take the aniline dyes 
less deeply than some similar bacilli, /^pores have not yet been 
found ; small oval spaces appear in some of the degenerated 
bacilli just at one end, but these bacilli are less resistant than 
those without this so-called spore ; tliey do not liquefy gelatine. 
Fig. 59. Fig. 60. 








Typhoid ferer bacillus in pure cul- 
ture. 660 diameters. 



Colonies of typhoid bacilli 3 days 
old 100 X. (Frankel and Pfeiffer.) 



Qrowth.—Th^y are facultative anaerobic ; grow best at 37° 
C, but can also develop at ordinary room temperature. All 
nutrient media can be used as culture ground. They develop 
chiefly on the surface, and very slowly. 

Colonies on Qelatine Plates. — Two forms ; the ones near the 
surface spread out like a leaf, transparent with bluish fluor- 
escence. The deeper ones resemble whetstone crystals of uric 
acid, with the same yellowish tinge. 

In five days they attain to 3 millimetres in diameter. 

On Potato- GelaUne, — The colonies do not have the yellow 
color, they are transparent, later on they become dark brown 
with green iridescence. 

Stab Cultures, ^Mainly on the surface a pearly layer. 

Stroke Cultures, — A transparent thick layer. 

Potato.— The growth here is quite characteristic. At 37^ C. 
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in 48 hours a moist transparent film is formed over the whole 
surface, but so transparent that it can hardly be seen without 
close observation. If a small portion of this is placed under a 
microscope, it will be seen swarming with bacilli. 

The growth never becomes more prominent; the potato must 
have a neutral or acid reaction. 

Milk. — ^The bacteria grow very well in milk, producing a 
slightly acid reaction, but no coagulaiion. 

Carbolized Gelatine.^-GelsLtine which has added to it ^ per 
cent, carbolic acid will allow the typhoid bacillus to develop, 
other similar bacilli being destroyed. 

Glucose Gelatine. — In glucose gelatine there is no gas-produc- 
tion. Indol is likewise not generated by the typhoid bacillus, 
whereas it is by the colon bacillus. On Elmer's potato-gelatine 
the colon bacillus and the typhoid bacillus grow readily. 

Fig. 61. 




The Widal agglutination reaction (Slater and 9pitta). 

The Gruber- Widal blood-serum test^ or, as otherwise known, the 
agglutination-phenomenon (Fig. 61), has the following history: 

About 1889, Charrin and Roger observed in the serum of im- 
munized animals that the B. pyocyaneus arranged itself in little 
clumps. Other investigators reported the same thing for other 
bacteria, and Metschnikoff added that motility was destroyed. 
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In 1895, Bordet showed that the serum of cholera-immunized 
animals, when mixed with bouillon cultures of cholera spirilla, 
affected their motility and caused them to form masses, or 
"Klumpen," as the Germans call it. 

R. Pfeiffer, in the same year, showed that the introduction of 
immune serum at the same time with virulent cholera spirilla 
into the peritoneum of guinea-pigs, prevented infection from 
taking place, and the spirilla were transformed into granular 
masses. He likewise showed this reaction to be specific, the 
serum of cholera-immune animals acting only on cholera 
vibrio; and hence he suggested using the serum as a means 
of diagnosis for the cholera vibrio and typhoid bacillus. Gru- 
ber about the same time made some studies upon the use of 
this serum property in differentiating bacteria, but it was con- 
sidered as yet a property connected in some way with immu- 
nity. 

In 1896, Widal and Griinbaum, working separately, developed 
what is now spoken of as the ** Widal serum-test,'* or " Widal 
reaction." It consists in testing a drop of blood of a patient 
suspected of having typhoid fever, by mixing a dilution of it 
with a drop of a fresh bouillon culture of typhoid bacilli, and 
examining the mixture in a hanging drop under the micro- 
scope. Within fifteen minutes to an hour the motility of the 
bacilli will cease, and they will have arranged themselves into 
clusters, as if stuck or glued together. If this reaction occurs 
within an hour, and with the proper dilution of the serum, the 
case is one of typhoid. Widal first used the serum of the blood ; 
this has been modified so that even a drop of dried blood is suf- 
ficient. The method as applied in city laboratories is as follows : 
The physician is told to clean the finger of the patient with , 
water (no germicides), and with a needle draw a drop of blood 
on to a piece of ordinary note-paper. This is then sent to the 
laboratory ; the paper with the dried blood is soaked for a few 
minutes in a watch-glass containing 4 drops of clean water, thus 
obtaining a dilution of 1: 5. One drop of this is then mixed with 
one drop of a bouillon culture of typhoid bacilli of about 24 
hours' growth, and examined under the microscope in the 
hanging drop. Weaker dilutions of the serum have been rec- 
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ommended (1 : 50), and this should be used in cases of doubt. 
So far, about 95 per cent, of the cases examined, and which clin- 
ically were considered typhoid fever, have given a positive reac- 
tion. It is not often present until the fifth day of the fever, and 
disappears usually within a year, though in some individuals it 
has been found ten years after an attack of the disease. 

The agglutinating properties have been found in nearly all 
the secretions of the body — ^tears, urine, milk, pleuritic effusions, 
serous fluid from blisters, etc. 

There is no relation between the reaction and the bactericidal 
power of the serum ; the agglutination is not a destruction. The 
agglutinating power is active, though the blood be dried and 
sealed up for months. It seems to have no direct relation with 
the question of immunity, since it occurs at the height of the 
disease, and intense agglutinating serum may be had in severe 
cases and in cases with relapses. A negative result does not 
exclude typhoid. 

The test is quarditaiive — i. c, it depends upon the dilution of 
the blood-serum, since the serum of healthy persons in strong 
dilution will cause agglutination and loss of mobility. 

The test must occur within a certain limit of time to be of 
value, since agglutination is liable to appear of itself with non- 
typhoid sera after a period of an hour. 

As a clinical test of the disease it has considerable value, 
although operative at a time when other symptoms have devel- 
oped sufficiently to determine the diagnosis. 

Staining. — Colored with the ordinary aniline dyes, when they 
are warmed; since they are easily decolorized, acids should be 
avoided. 

Gram's method is not applicable. Tissue sections stained as 
follows :— 

Alkaline blue 1 hour. 

Alcohol 5 seconds. 

Aniline oil 5 minutes. 

Turpentine oil 1 minute. 

Xylol and Canada bals. 

Such a specimen should first be examined with low power, to 
focus little colored masses, then examined with immersion lens ; 
these masses will be found composed of bacilli. 
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Similar Bacteria. The NeapolUanua bacillus of Emmerich, or 
faeces hadllus of Brieger, resembles the typhoid bacillus in many 
ways, the colonies being the same and its structure similar. 
But the growth on potato is very different; a thick, yellow, 
pasty layer is formed thereon. 

The coUm hadllus not only resembles the typhoid germ in 
form, but also in some of the pathologic processes produced. 
For points of resemblance and difference, see Bacillus coli com- 
munis. 

In Water. Bacilli have been found which also resemble ty- 
phoid bacilli, and one must be very careful not to make any 
positive statement. 

Examination of Water for Typhoid Bacilli, — When a water is 
supposed to contain typhoid bacilli, 500 c.cm. of the same is 
mixed with 20 gtts. of ^-per cent, carbolic acid, which destroys 
many of the saprophytes. 

Plates are then made as described under Water Analysis. 

Those colonies which then form and have a tendency to liquefy, 
are touched on second day with permanganate of potassium, 
and when so colored, destroyed with bichloride of mercury. 

Those that now develop are transferred by inoculation to fresh 
plates. At the end of eight days they are examined under 
microscope ; every colony not possessing motile bacilli is dis- 
carded. The motile bacilli are tested with Gram's method of 
staining ; those that do not take the stain are alone retained. 
Cultures are made from these upon potatoes, and, if the char- 
acteristic growth occurs, then only can they be called typhoid 
bacilli with any certainty. 

Pathogenesis. — Lower animals have not yet been given enteric 
fever, though their death has been caused by injection of the 
bacilli into the veins of the ear. 

In man it has been found in the urine, blood, sputum, milk, 
intestinal discharges, roseolar spots, and in various organs, as 
spleen, liver, lymphatic glands, and intestinal villi. 

It is found in secretions several days after the attack has sub- 
sided. It is found only in this disease, and regularly. 

Way of Infection, — The bacilli in the dejecta of the diseased 
person find their way into drinking water, milk, or dirty clothes. 
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and so into the alimentary tract of a person predisposed to the 
disease. They enter the blood through the lymphatics, and so 
become lodged in various organs. They are quite resistant, liv- 
ing for some time in the soil and water, and are not affected as 
other organisms by carbolic acid. An epidemic has been traced 
to the eating of oysters taken from contaminated water. 

Persistence in Water. — Franckland kept bacilli alive in water, 
sterilized by heat, 75 days ; in filtered water at 19° C, 5 days ; 
at 6** C, 12 days. In ordinary water they are likely to be de- 
stroyed in a few days by the overgrowth of other bacteria. 

Products,— Bneger found a ptomaine in the cultures which he 
named typhotoxin with the formula CgH^NOg. It has no 
specific action. A toxalbumen insoluble in water has also been 
isolated, but, as experiment animals are immune to the disease, 
no definite actions have yet been determined. 

The cultures, when old, show an acid reaction. 

Bapillns Heapolitanus. (Emmerich.) 

Origin. — During the cholera epidemic in Naples, in 1884, 
Emmerich found this bacillus in the blood and intestinal dis- 
charges of cholera^sufiering patients. He supposed it to be the 
real cause of cholera ; but since then it has been shown to be 
nothing more than the Fceces bacillus which Brieger described, 
and which is found in faeces of healthy persons, in the air and 
various putrefactive processes. 

Form.— Yer J much like the typhoid bacillus, short rods with 
rounded ends with oval spaces in them as the typhoid. 

Properties. — Imrrwhile, difiering thus markedly from typhoid. 
Do not liquefy gelatine. 

Growth, — They are facultative anserobic ; they grow more 
rapidly than the typhoid, and endure cold and heat better than 
they do. 

Colonies, — They are exactly the same as typhoid— the same 
whetstone-shaped deep ones and the leaf-shaped surface ones. 

Potato, — A thick yellow-brown pasty layer is formed instead 
of the transparent almost invisible growth of the typhoid 
bacillus. 

Staining.— Do not take Gram. Euchsin stains them easily. 

Pathogenesis. — When large quantities injected into guinea- 
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pigs, they die at times, sometimes with intestinal symptoms, 
sometimes without. 

Bacillus Coli Communis. (Escherich.) 

Found in human feces, intestinal canal of most animals, in 
pus and lyater. 

Fcrrm, — Short rods with very slow movement, often associated 
in little masses resembling the typhoid germ. 

Fig. 62. 
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Bacillas coli oommunis, from an agar-agar culture; X 1^00 (Itzerott and Niemann). 



Properties. — Does not liquefy gelatine, causes fermentation in 
saccharine solutions in the absence of oxygen, produces acid 
fermentation in milk. 

Groict^,.— On potato a thick, moist, yellow-colored growth. 
Very soon after inoculation on gelatine a growth similar to 
typhoid. It can also develop in carbolized gelatine, and with- 
stands a temperature of 45^ C. without its growth being de- 
stroj'ed. 

Pat/iogfenesis.— Inoculated into rabbits or guinea-pigs, death 
follows in from one to three days, the symptoms being those of 
diarrhoea and coma ; after death tumefactions of Peyer's patches 
and other parts of the intestine ; perforations into peritoneal 
cavity, the blood containing a large number of germs. 
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Staining. — Ordinary stains; do not take Gram. 

SUe,— The bacillus has been found very constant in acute 
peritonitis and in cholera nostra. Its presence in water would 
Indicate fecal contamination. 

f The growth on potato, the effect on animals, and its action to- 
I wards milk are points of difference from the typhoid bacillus. 

Points of Resemblance between Bacillus Typhi and BaxiUus Coli 
Communis. — 1. Microscopic appearance; 2. Agar and gelatine 
cultures ; 3. Sometimes growth on potato the same ; 4. Staining 
peculiarities ; 5. Resistance to carbolic acid. 

Points of Difference. — 1. Bacillus coli communis coagulates 
milk ; B. typhi does not ; 2. B. coli generates gas in a few hours 
in glucose and peptone solutions; B. typhi does not; 3. B. coli 
produces indol, and B. typhi none ; Widal's and Pfeiffer's reac- 
tion is positive with typhoid, negative with the colon. On 
ELmer media colon growth is more energetic than the typhoid. 

Varieties. — By some bacteriologists the following bacilli are all 
considered forms of the colon bacillus : B. lactis aerogenes of 
Escherich, B. cavicida of Brieger, B. neapolitanus of Emmerich, 
B. entcriditus of Gartner. 



PATHOGENIC BACTERIA. 123 



CHAPTER III. 

PATHOGENIC BACTERIA — CONTINUED. 

Spirillum Cholerse. (Koch.) Comrna bacillus of cJmlera, 

Origin,— Koch, as a member of the German expedition sent 

to India, in 1883, to study cholera, found this micro-organism 

in the intestinal contents of cholera 

Fig. 63. patients, and by further experiments 

^ identified it with the disease. 

Form.— The microbe as seen ordi- 
narily appears as a short, arc-like body, 
about half the size of a tubercle bacillus, 
but when seen in large groups, spirals 
are formed, each little arc appearing 
then as but a segment, a vibrio ; each 
1^1*^7''' >^^nt ''*'-' ^yg ig about three times as long as it 

Comma bacillus, pure cui- is broad, and possesses at each end jla- 

ture. 600 diameters. qeUa. 

Properties. — They are very motile ; 
liquefy gelatine. They are easily affected by heat and dryness. 
Spores have not been found, though some (Hiippe) claim arthro- 
spores. 

Growth, — Develops at ordinary temperatures on all nutrient 
media that have an alkaline or neutral reaction. They are 
facultative anaerobic. 

Colonies^ gelatine, — After 24 hours, small white points which 
gradually come to the surface, the gelatine being slowly lique- 
fied, a funnel-shaped cavity formed holding the colony in its 
narrow part, at the bottom, and on the fifth day all the gelatine 
is liquid. If the colonies of three days' growth are placed under 
microscope they appear as if composed of small bits of frosted 
glass with sharp irregular points. 
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Stab Culture. — After 30 hours a growth can be distiuguished 
along the needle track, and on the surface a little cavity has 
been formed, filled up by a bubble of air, and this liquefaction 
proceeds until on the sixth day it has reached the sides of the 
tube, tapering, fimnel-shaped to the hottom of the tube. After 
several weeks the spirilla 

are found in little collec- Fi<^- ^4- 

tions at the bottom of the 
fluid gelatine. In eight 
weeks the bacilli have 
perished. 

Agar, — Stroke cultures. ^!J 
A shiny white layer lasts 
many months. 

Potato, — A yellow honey- 
like transparent layer, if 
the potato is kept at ani' 
mal heat. 

Bouillon, — A wrinkled 
scum is soon formed in 
bouillon. They live well 
and grow in sterihzed mill? 
and sterilized water, re- 
maining virulent in the 
latter for many months. 

In ordinary water, the bacteria present are destructive to the 
comma bacillus, and they die in a few days. 

Dunhain's Peptone Solution. — Useful for the development of 
nitrites and the indol reaction. 

WidaVs serum test, as used in typhoid, is applicable in the 
diagnosis of cholera, using cholera cultures in place of the 
typhoid.. 

Staining, — They are colored well with watery aniline solu- 
tions. The flagella can be well seen by staining according to the 
flagella stain. 

Pathogenesis, — Experiment animals are not subject to cholem 
Asiatica, but by overcoming two obstacles Koch has produced 
choleraic symptoms in guinea-pigs. Nicati and Rietsch pre- 
vented peristalsis and avoided the acidity of the stomach juices 




Cholera colonies after 30 hours 100 X. (Frfinkel 
and Pfeiflfer.) 
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by direct injection into the duodenum, after tying the gall-duct. 
Koch alkalinizes the gastric juice with 5 c.cm. of 5 per cent, 
sol. of sodii carbonas, and then injecting 2 grams of opium tinc- 
ture for every 300 grams of weight into the peritoneal cavity 
paralyzes peristalsis. The cholera culture then introduced 
through a stomach-tube, the animals die in forty-eight hours, 
presenting the same symptoms in the appearance of the intes- 
tines as in cholera patients, the serous effusion containing great 
numbers of spirilla. 

Manner of Infection in Man. — Usually through the alimen- 
tary tract, with the food or drink, the intestinal discharges of 
cholera patients having found entrance into the source of drink- 
ing water. Soiled clothes to fingers, fingers to the mouth, etc. ; 
torpid catarrhal affection of the digestive tract predisposing. 
The microbe is not found in the blood or any organ other than 
the intestines, the tissue of the small intestines. It is also 
found in the vomit and the intestinal contents. 

Fig. 65. 
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Comma bacillus in mucus, from a case of Asiatic cholera. 

Products, — '* Cholera red."^^ When chemically pure nitric or 
sulphuric acid is added to nutrient peptone cultures of the 
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cholera bacillus a rose-red color is produced. This will not take 
place with other bacilli unless nitrcms acid is present. The cholera 
bacillus forms nitrites from the nitrates present in the media, 
and also indol. The mineral acid splits the nitrites, setting free 
nitrous acid, which, with the indol, forms the red reaction. 
This pigment has been isolated and extracted and called 
^'cholera red,'''* A ptomaine, identical with cadaverin, and sev- 
eral other alkaloids have been obtained from the cultures. A 
toxalbumen and a toxicpeptone have lately been isolated, but 
no special actions ascribed to them. 

Detection of Cholera Organisms in Drinking-water, — ^When a few 
bacteria are supposed to be present in fecal matter or drinking- 
water it is best to add a large quantity of the material (200 
c. cm. of drinking-water) to about 10 c. cm. of bouillon, and 
place the mixture for twenty-four hours in an incubator, 
which will cause rapid reproduction, and then the organisms 
can be readily discovered. 

HafFkine has obtained a great reduction in mortality in 
cholera regions by the use of anti-cholera vaccines as pro- 
tective and curative measures. 

Cholera Immunity of Pfeiffer. — Intraperitoneal, subcutaneous, 
and intravenous injections of living or dead cholera bacteria 
cause a disease in animals similar to the cold stage of cholera. 
Death is the result of toxemia. If the animal lives, the blood 
has protective properties of a specific nature; it has bacteri- 
cidal properties against cholera vibrio, and by the injection of 
this serum into non-immune animals it renders them immune. 
The blood-serum of convalescents and cholera-vaccinated indi- 
viduals contains the same bactericidal substances. 

Bacteria Similar to the Spirilliiiii of Cholera. 

Finkler-Prior Vibrio, or SpiriUuin Finkleri. 

Origin. — Found in the intestinal contents of a patient suffer- 
ing from cholera Asiatica in 1884, by Tinkler and Prior, who 
thought it identical with the spirillum of cholera; it differs 
from it, however, in many ways, and has been found in healthy 
persons. 

Form. — Somewhat thicker than the cholera vibrio: but forms 
the long spirilla less often. Has flagella. 
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Liquefies gelatine in a short 



It 



Fig. 67. 



Properties. — It is very motile 
time. 

Growth. — It grows quickly at ordinary room temperature 
is facultative aerobic. 

Colonies on Gelatine Plates. — Round, finely granular colonies, 
which in twenty-four hours are ten times as large as the cholera 
colonies, and in forty-eight hours the whole plate is liquefied, 
it being then impossible to distinguish any separate colonies. 
The microscopic appearances in no way 
resemble the cholera colony. 

Stab Cultures. — ^The gelatine is lique- 
fied from above downwards, like a stock- 
ing in appearance, and in three days is 
completely liquid. 

Potato. — At ordinary temperature a 
thick gray layer covering the whole sur- 
face. 

Water. — It soon perishes in water. 

Staining. — Ordinary aniline dyes. 

Pathogenesis. — For man it has no spe- 
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Spirillum Finkleri. 700 diameters. (FlUgge.) 




Stab Culture. (Finkler- 
Prior.) 



cific action. If it is injected into Guinea pigs, prepared as 
described under the cholera bacillus, they die, the intestines 
having a foul odor, and the bacilli then found in great numbers. 

Spirillum Tyrogenum. (Deneke.) 

Origin.— In 1885 Deneke found in old cheese a spirillum very 
similar in appearance to the cholera spirillum. 

Form.— The same as the cholera vibrio. 
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Properties. — Very motile, liquefy gelatine. 

Growth. — They grow quicker than the cholera, and slower 
than the Finkler; they are also facultative aerobic. 

Colonies. — At first resemble cholera colonies ; have, however, 
a yellow-green iridescence, and are more irregular ; also grow 
more rapidly. 

Stab Cultures. — A thick line along the needle-track and yellow 
colonies forming at the bottom, on the surface a bubble of air 
similar to the cholera. The gelatine is liquid in two weeks. 

Potato. — At brood-heat a thin yellow membrane, but not 
always constant. Staining, as cholera bacillus. 

Pathogenesis. — When injected into animals prepared as for th<? 
cholera bacillus, a certain number die. 

Vibrio MetschnikovL (Gamaleia.) . 

Origin. — In the intestines of fowls suffering from a gastro- 
enteritis, common in Eussia. Gamaleia found a spirillum which 
bears so close a resemblance to the cholera bacillus, both in form 
and growth, that it cannot be distinguished by these character- 
istics alone. 

Form, — As cholera bacillus. 

Groioth. — Two kinds are found on the gelatine plate — one that 
is identical in appearance with the cholera colony, the other more 
liquefying, resembling the Tinkler spirillum. If now a second 
plate be inoculated from either one of these forms, both kinds 
again are found grown, so that it is not a mixture of two bacilli. 

Stab Culture. — Similar to the cholera growth, a trifle faster in 
growing. Staining, as cholera. 

Pathogenesis, — To differentiate it from cholera, these bacilli, 
when injected into animals, prove very fatal, and no especial 
precautions need be taken to make the animal susceptible. In 
the pigeon, guinea-pig, and chicken it produces a hemorrhagic 
oedema, and a septicaemia which has been called " Vibrion 
scpticcBwiia. " The blood and organs contain the spirilla in 
great numbers. 

Products. — The nitrites are formed just as in cholera bacillus, 
and the red reaction given when mineral acids added to gelatine 
cultures. Certain products also which, when injected, give 



PATHOGENIC BACTERIA. 129 

immunity. The cultures are first heated for one half hour at 
100° C, which destroys the germs, and then this sterilized pro- 
duct injected. (5 c.cm. of a five days' old sterilized culture.) 

In a couple of weeks 1 to 2 c.cm. of the infected blood can be 
injected without causing any fatal result. 

A great many more spirilla resembling the spirillum of chol- 
era have been isolated from drinking-waters in the past few 
years, and some bacteriologists are inclined to consider them 
as varieties of the true cholera spirillum which require only 
certain conditions to make them pathogenic. Among these, 
besides those already described, are Spirillum Berolinesis, S. 
Dunbar, S. Danubicus, S. Wernicke, S. Bonhoff; S. Weibeli, S. 
Milleri, S. Aquatilis. The last two are non-pathogenic for ex- 
periment animals. 

Bacteria of Pnenmonia. Two forms of bacteria have been 
found in this disease, and thought at different times to be the 
cause of the same. 

Neither one of them is constant in pneumonia ; and since 
many other pathological processes have shown them they can 
hardly be set down as the sole cause of pneumonia. 

Klebs in 1875 called attention to the presence of bacteria in 
pneumonia, and in 1882 Friedlander developed a bacillus from 
the lung tissue of a pneumonic person, which he thought was a 
coccus, and called it pneumococcus. 

In 1886 A. Frankel and Weichselbaum proved that this 
microbe was not constant, in fact was rare. 

A. Frankel obtained in the majority of cases of pneumonia a 
microbe that he had described in 1884 under the name of 
sputum-septicaemia micrococcus. 

Weichselbaum called it " Diplococcus pneumonia" and be- 
lieved it to be the real cause of pneumonia. It has been found 
in many other serous inflammations, and also in the mouths of 
healthy persons. 

The pneumo-bacillus of Frankel is found in about three-quar- 
ters of all cases of pneumonia. 

Streptococcus pyogenes and staphylococcus pyogenes aureus have 
been found in some cases. 
9 
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Fnenmo-bacillus (Pneumococcus). (Friedlander.) 
Origin. — In the lung of a croupous-pneumonia person, by 
Friedlander, in 1882. 



Fio. 68. 




Bacillus pneumonise of FriedlSnder, from the expectoration of a pneumonia patient; 
X 1000 (Frankel and Pfeitter). 

JPorm.— Small, almost oval-shaped rods, nearly as wide as 
they are long ; often in pairs, they were at first believed to be 
cocci. In bouillon cultures the rod-form becomes more visible. 
In tissues each bacillus is surrounded by a faint capsule ; but 
not around those developed in artificial cultures. Spores have 
not been found. 

Properties. — They are immobile ; do not liquefy gelatine. A 
gas is produced in gelatine cultures. 

Grcnjoth.— Grows rapidly on all media at ordinary temperature ; 
is facultative aerobic. 

Colonies.— On gelatine plates. Small white round colonies, 
reaching the surfcice in the course of three or four days ; appear- 
ing then as little buttons, with a porcelain-like shimmer, the 
edges smooth. 
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Fig. 69. 



Stab Culture. — A growth along the needle-track, but on the 
surface a button-like projection, which gives to the growth the 
appearance of a nail driven into the gelatine^ 
its head resting on the surface ; therefore 
such cultures are called ''''Wail cuUures,^^ 
See Fig. 69. Old cultures are colored brown, 
and contain bubbles of gas. 

Potato.— A yellow, moist layer in a few 
days at brood-heat. Gas bubbles develop. 

Staining. — The ordinary aniline stains. 
The sections do not take Gram's method ; 
are therefore not suited for double staining. 

Capsule. — Stained as follows : — 

Cover glasses. 

1. Acetic acid, two minutes. 

2. Allow acetic acid to dry by blowing air 
upon it through a glass tube. 

3. Saturated, aniline water. Gent, violet, 
ten seconds. 

4. Rinse in water. Mount in Canada balsam. 
For Sections, 

( cone. ale. gent, violet, 50.0 
1. Stain in warm-j aqua, 100.0 

^ acetic acid, 10. 

for 24 hours. 

2. Rinse in one per cent, acetic acid. 

3. Alcohol to dehydrate. Mount in balsam. 

The capsule will be found stained a light blue, the bacillus a 
deep blue. 

Pathogenesis. — Animals are not affected unless the culture is 
injected intrapleura. 

Fneumobacillus of Frankel. (A. Frankel and Weichselbaum.) 

Synonyms. — Pneumococcus ; Diplococcus of Pneumonia ; Mi- 
crococcus of sputum septicaemia ; Micrococcus Pasteuri ; Diplo- 
coccus lanceolatus. 

Origin.— A. Frankel found it in the sputum of pneumonic 




Bacillus of Pneumo- 
nia. Stab Culture. 
{Nail Culture.) 

M. 
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patients, thinking it at first to be the micrococcus of sputum 
septicaemia ; later he believed it to be the cause of pneumonia. 

Form, — Oval cocci they were at first called, but they are now 
knovv'n to be rod-shaped, being somewhat longer than broad ; 
varying, however, much in size and shape. Usually found in 
pairs, sometimes in filaments of three and four elements. In 
the material from the body a capsule surrounds each rod. In 
the artificial cultures this is not found. 




Bacillus of pneumouia in blood of rabbit 1000 X» (FrSnkel and Pfeifier.) 



Properties. — They are without self-movement; do not liquefy 
gelatine. There are no spores. 

Growth, — Grow only at high temperature, 35° C. ; are facul- 
tative anaerobic. The culture media must be slightly alkaline ; 
the growth is slow. 

Colonies on Gelatine Plates. — Since the temperature must be 
somewhat elevated, the gelatine media need to be thicker than 
usual (15 per cent, gelatine), in order to keep it solid, and a 
temperature of 24° 0. used. Little round white colonies, some- 
what granular in the centre, growing very slowly. 

Stab Cultures. — Along the needle-track small separate white 
granules, one above the other, like a string of beads. 

Stroke Culture..— On agar, transparent, almost invisible little 
drops resembling dew moisture. 
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Bouillon. — They grow better here than in the other media, 
remaining alive a longer period of time. 

Staining,— Takes Gram's method and the other aniline stains 
very readily. The capsule stained the same way as that of the 
IViedlander hadllus, 

Patfiogenesis. — Rabbits and guinea-pigs, if subcutaneously in- 
jected, die in the course of a couple of days with septicemia. 
(0.1 c.cm. of a fresh bouillon culture suffices.) 

Autopsy shows greatly enlarged spleen and myriads of bacilli 
in the blood and viscera, the lungs not especially affected. If 
injected per trachea, a pneumonia occurs. In man in 90 per 
cent, of croupous pneumonia they are found and usually only 
during the existence of the *' prune juice" sputum, i. e., the first 
stage. 



Fig. 71. 




^*(D* 
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Micrococcus tetragenus in sputum (tubercle bacillus also). 

They have also been found in pleuritis, peritonitis, pericarditis, 
meningitis, and endocarditis. They stand in some intimate re- 
lation with all infectious inflammations of the body. Their 
presence in healthy mouth secretion does not speak against 
this, it requiring some slight injury to allow this ever-present 
germ to develop into disease. 

Anti-toxin of Pneumonia. (Klemperer. ) 

The injection of very diluted cultures of the virulent bacilli in- 
travenously has produced an immunity in rabbits and guinea- 
pigs. The serum of such artificially immune animals when filtered 
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throujxh a Chamberland filter and injected into a rabbit suffer- 
ing with pneumonia, cured the same ; or when injected into a 
susceptible animal produced in it immunity very quickly. This 
principle is ascribed to an anti-toxin formed in the tissues by 
the diluted proteids, and this anti-toxin neutralizes the toxicity 
of the strong virus. 

Badlliu of Rhinoscleroma. (Frisch. 1882.) It was found in 
the tissue of a rhinoscicroma, but resembles the Friedlandev 
bacillus in nearly every respect, and as the disease rhinoscleroma 
was not reproduced by the inoculation of the bacillus in animals, 
it can be considered identical. The growth, cultures, and pro- 
perties are the same as the pneuniobacillus of Friedlander (Dipkh 
coccus intracellulai'is meningitidis), 

Weichselbaum claims to have found a special diplococcus in 
epidemic cerebro-spinal meningitis, which differs in a few re- 
spects from the pneumococcus of Frankel : growth most abun- 
dant on blood-serum — round, white, shining colonies in 24 hours. 
It does not take Gram's stain; does not affect animals when 
injected subcutaneously. Inoculated into the meninges of the 
dog and goat, a meningitis has been produced, and when found 
in the exudate of the meninges lies in the protoplasm and nu- 
clei of the leucocytes. 

Micrococcus Tetragenus. (Koch. Gaffky). 

Origin, — Koch found this microbe in the cavity of a tuber- 
culous lung. Gaffky, in 1883, studied its pathogenic actions 
and gave it the name it now bears. 

Form. — Cocci which are gathered in the tissues in groups of 
four, forming a square, a tetrad. See Fig. 71. In artificial 
culture, sometimes found in pairs. A capsule of light gelat- 
inous consistence surrounds each tetrad. 

Properties. — They are immobile ; do not liquefy gelatine. 

Growth. — They grow well on all nutrient media at ordinary and 
brood temperatures ; are facultative aerobic. They grow slowly. 

Colonies in gelatine plates. In two days, little white spots, 
which when on the surface form little elevations of a porce- 
lain-like appearance; under low power they are seen very 
finely granulated. 
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Fio. 72. 



vV\^ 






stab Oiftwrc— Small round separated colonies along the 
needle-track, and on the surface a button-like elevation, a 
form of " nail culture." See Fig. 72. 

Potato.— A thick slimy layer which can be 
loosened in long shreds. 

/Stoimn^.— Colored with the ordinary ani- 
line stains. Gram's method also applicable. 
Pathogenesis.— White mice and guinea-pigs 
die in a few days of septicaemia when injected 
with the tetragenus cultures, and the micro- 
coccus is then found in large numbers in the 
blood and viscera. Field mice are immune. 
In the cavities of tubercular lungs, in the 
sputum of phthisical and healthy patients, it 
is often found, but what action it has upon 
man has not yet been determined. 
Capsule BaciUus. (Pfeiffer.) 
Origin.—Stringy exudate and blood of a 
dead guinea-pig. 

Form.— Thick little rods, sometimes in long 
threads. Large oval capsules in the stained 
preparations. 

Properties.— Immotile, not liquefying, an 
odorless gas in gelatine cultures. 

Grotvth.-At ordinary temperatures, rap- 
idly; facultative anserobin. 

Gelatine Plates.— Oval points, and like a por- 
celain button on the surface. 

Stab OuMures.—liike the pneumonia bacillus 
of Friedlander. 

Pototoes.— Abundant growth, yellow color 
and moist, coming off in strings. 

Staining.— Hot fuchsin colors the capsule intensely; carefu ly 
decolorizing with acetic acid, the capsules are red or light violet 
around the deeply-tinged bacillus. Gram's method not applic- 
able. , . . xU ^- • 

Po/^^enesw.-Subcutaneously injected in mice, they die m 
48 hours. Babbits die when a large quantity is injected into 



stab Culture. 
Micrococcus tetra- 
genus. 
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the circulation. The blood and juices have a peculiar stringy, 
fibrinous consistence. 

Bacillus of Influenza. (Pfeiffer, 1892.) 

A small bacillus about one-half the size of the bacillus of 
mouse septicaemia, and arranged in chain-form. It develops 

Fig. 73. 
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Bacillus influenzse, from a gelatin calture; X 1000 (Itzerott and Niemann). 

upon blood-serum agar. It is aerobic. Without movement; 
does not take the Gram stain. It is best stained with diluted 
carbol-fuchsin, the contrast-stain being Loffler's methylene- 
blue. Upon glycerine-agar, over which a drop of blood has been 
spread, in an incubator at the end of twenty-four hours a very 
delicate growth occurs, which resembles condensed moisture. 
It is found in the sputum and in the bronchial nasal secretions 
and blood of influenza patients, but cannot as yet be said to be 
the cause of influenza. 

- Micro-Organisms of Suppuration. The suppuration of wounds 
is due to the presence of germs. The knowledge of this fact is 
the basis of the antiseptic treatment in surgery ; for when the 
microbes can be destroyed or their entrance prevented, the 
wounds are made clean and kept without suppurating. Yari- 
ous forms of bacteria have been found in septic processes, and 
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the formation of pus cannot be ascribed to any particular one 
alone ; some, more common than others, are found in nearly all 
forms of suppuration ; others give rise to special types. 

Wounds are often irritated by for- 
^^' '^^' eign bodies and chemicals, and a dis- 

charge occurs in them even when 
every aseptic and antiseptic precau- 
tion has been taken ; but such a dis- 
charge is free from bacteria, and no 
more like pus than a benign growth 
is like a malignant one. 

Fig. 75. 




Streptococcus pyogenes: cult- 
ure upon agar-agar two days old 
(Frankel and PfeiflTer). 



Streptococcus pyogenes (Jakob). 



Streptococcus Pyogenes. (Rosenbach.) Streptococcus erysipe- 
htis, (Fehleisen.) 

Origin, — Fehleisen discovered this microbe in the lymphatics 
of the skin in erysipelas, and he thought it the cause of the 
same. Under the name streptococcus pyogenes, Rosenbach 
described an identical coccus which has been found in nearly 
all suppurative^ conditions. 

F(yrm, — Small cocci singly and in chain-like groups. Spores 
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have not been found, though it is supposed because of their 
permanency that spores are present. 

Properties, — They are immotile, do not liquefy gelatine. 

Grototh. — ^They grow slowly, usually on the surface, and best 
at higher temperatures. 

CoUmies. — In three days a very small grayish speck, which 
hardly ever becomes much larger than a pin-head ; under micro- 
scope, looking yellowish, finely granular, the edges quite defined. 

Stab Gtdtures, — Along the needle-track little separated colonies 
like strings of beads, which after a time become one solid white 
string. 

Stroke C\<ZtMrc.— Little drops, never coalescing, having a bluish 
tint. 

Potato. —No apparent growth. 

Bouillon. --At 37° C. clouds are formed in the bouillon, which 
then sink to the bottom, and long chains of cocci found in this 
growth. 

Staining. — ^Easily colored with the ordinary stains. Gram's 
method is also applicable. 

Patfeogenfisis.— Inoculated subcutaneously in the ear of a 
rabbit, an erysipelatous condition develops in a few days, 
rapidly spreading from point of infection. 

In man, inoculations have been made to produce an efiect 
upon carcinomatous growths. Erysipelas was always produced 
thereby. When it occurs upon the valves of the heart, endo- 
carcUtis results. Puerperal fever is caused by the microbe in- 
fecting the endometrium, the Streptococcus puerperalis of Fninkel 
being the same germ. 

In scarlatina, variola, yellow fever, cerebro-spinal meningitis, 
and many similar diseases, the microbe has been an almost con- 
stant attendant. 

In erysipelas the cocci reside in the lymphatic glands and 
ducts. They have not been found in the blood. In air, soil, and 
putrefying matters they have been often discovered. 

Staphylococcus Pyogenes Aureus. (Bosenbach.) 

An antistreptococcic serum has been used as a curative 
agent in puerperal fever, scarlatina, and other diseases sup- 
posed to be due to this germ. 

A mixture of a culture of Pyogenes and Prodigiosus has been 
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used as an injection, with apparent benefit, in inoperable cases 
of sarcoma. 
Staphylococcus Pyogenes Aureus. (Rosenbach.) 

Fig. 76. 




Staphylococcas pyogenes albus (Jakob). 

Origin, — Found commonly in pus (80 per cent, of all suppura- 
tions), in air, water, and earth ; also in sputum of healthy persons. 

Form, — Micrococci in clusters like bunched grapes, hence the 
name staphylo, which means grape. They never form chains. 
Spores have not been found, though the cocci are very resistant. 

Properties. — Without movement ; liquefying gelatine. It gives 
rise to an orange-yellow pigment in the various culUires. 

Orowth.— It grows moderately fast at ordinary temperature, 
and can live without air, a facultative serobin and amerobin. 

Colonies on Gelatine. — On second day small dots on the surface, 
containing in their centre an orange-yellow spot. The gelatine 
all around the colony is liquefied ; the size is never much greater 
than that attained the second day. 

Colonies on Agar. — The pigment remains a long time. 

Stab OuUure. — At first, gray growth along the track, which, 
after three days, has settled at the bottom of the tube in a yel- 
low granular mass, the gelatine being all liquid. 

Stroke OuMure on Agar. — The pigment diffused over the sur- 
face where the growth is, in moist masses. 
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Fig. 77. 



Potato. — A thin white layer which gradually becrmes yellow 
and gives out a doughy smell. 

Staining. — ^Very readily colored with ordinary stains; also 
with Gram's method. 

Pathogenesis. — When rabbits are injected with cultures of this 
microbe into the knee-joint or pleura, they die in a day. If 
injected subcutaneously, only a local action occurs, namely, 
abscesses. 

If directly into circulation, a general phleg- 
monous condition arises, the capillaries be- 
come plugged with masses of cocci, infarct 
occur in kidney and liver, and metastatic ab- 
scesses form in viscera and joints. Garr^, by 
rubbing the culture on his forearm, caused 
carbuncles to appear. 

Fracturing a long bone in an animal and 
then injecting the staphylococcus into a large 
vein, as the jugular, will produce osteomye- , 
litis. Becker isolated this microbe from sev- 
eral cases of osteomyelitis, and thought it a 
specific germ, giving it the name of "micro- 
coccus of osteomyelitis." 

Suppuration is nearly always produced by 
this microbe, and it is found in the majority 
of suppurative processes. 

Micrococcus Pyogenes Albns. (Bosen- 
bach.) Similar to the. pyogenes aureus, ex- 
cept that it does not form a pigment. 

Micrococcns Pyogenes Citreus. (Passett.) This liquefies gel- 
atine less rapidly than the pyogenes aureus, and forms a citron- 
yellow pigment instead of the orange-yellow of the aureus. 

MicrococCTls Cerens Albus. (Passet.) Differs from the pyo- 
genes albus in the form of colony. A white shiny growth like 
drops of wax ; hence the name cereus. It was found in pus, but 
gave no action in animals. 

Micrococcus Cereus Flavus. (Passet.) A lemon-yellow 
colored growth- after a short time, otherwise not differing from 
cereus albus. 




stab culture. Micro- 
coccus pyogenes 
aureus. 
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Hicrococcns Pyogenes Tennis. (Hosenbach. ) 

Origin,— Found in the pus of large inclosed abscesses. 

Fomi. — Cocci, without any especial arrangement. 

Properties.— Not much studied. 

Growth. — Cultivated on agar, it forms clear thin colonies; along 
the needle-track an opaque streak, looking as if varnished over. 

BacUlns Pyocyanens. (Gessard. ) 

Synonyms, — Bacterium seruginosum, bacillus fluorescens. 
(Schroter.) The bacillus of bluish-green pus. 

Origin, — Found in 1882 in the green pus in pyocysemia. 

Form, — Small slender rods with rounded ends, easily mistaken 
for cocci. Often in groups of four and six, without spores. 

Properties.— Very motile ; liquefy gelatine rapidly ; a peculiar 
sweetish odor is produced in the cultures, and a blue pigment. 

Fig. 78. 

Bacillus pyocyaneus, from an agar-agar culture ; X 1000 (Itzerott and Niemann). 

Qrovoih, — Develops readily at ordinary temperature, growing 
quickly and mostly on the surface ; it is serobic. Colonies on gela- 
tine plate, in two or three days a greenish iridescence appears 
over the whole plate, the colonies having a funnel-shaped lique- 
faction, and appearing under low power when still young, as 
yellowish green, the periphery being granulated. 

Stab OuUures, — Mainly in upper strata, the liquefaction funnel- 
shaped, the growth gradually settling at the bottom, a rich green 
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shimmer forming on the surface, and the gelatine haying a deep 
fluorescence. 

Potato. — The potato is soaked with the pigment, a deep fold 
of green occurring on the surface. 

Staining. — With ordinary aniline dyes. 

Pathogenesis. — When animals are injected with fresh cultures 
in the peritoneal cavities or cellular tissues, a rapidly spreading 
oedema with general suppuration develops. The bacilli are 
found in the viscera and blood. 

If a small quantity is injected, a local suppuration occurs, and 
if the animal does not die it then can withstand large quanti- 
ties. It is immune. 

The Pigment. Pyocyanin. — When the pus, bandages, and 
dressings containing the bacillus pyocyaneus are washed in 
chloroform, the pigment is dissolved and crystallizes from the 
chloroform in long needles. It is soluble in acidulated water, 
which is turned red thereby, and when neutralized the blue color 
returns. It has no pathogenic action. It is an aromatic com- 
pound. The bacillus has no especial action on the wound, and 
is found sometimes in perspiration of healthy persons. 

Bacillus Pyocyanens. 0. (Ernst.) A bacillus found in gray- 
ish pus-colored bandages. 

The only especial difference between this and the above is the 
formation of brownish-yellow pigment instead of pyocyanin. The 
form and appearance of cultures otherwise the same. 
Microooocns OonorrlUBa. Gonococms. (Keisser.) In 1879 
Neisser demonstrated the presence of this 
Pio. 79. germ in the secretion of specific urethritis. 

F(yrm. — Cocci, somewhat triangular in 
. ;\ form, found nearly always in pairs, the base 

of one coccus facing the base of the other, 
and giving the appearance of a Vienna roll, 
f V hence the German name Semmel (roll)-form. 

^'.'/. ': Four to twelve such pairs are often found 

together.' 
Immotile. 

Culture. — On gelatine-agar or potato they 
Gonococd in gon- ^q ^ot grow, and only upon human-blood 

une,"'methyi' vitiet ^^^^ ^^^^ ^^^^ ^^^^^^ ^"^ semblance of a 
(660 diameters.) growth. The temperature must be between 
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33° and 37° C, and the growth occurs very slowly and 
sparsely. 

Method of Oattivation (Wertheim).— Gonorrhceal pus is mixed 
in a test-tube with liquid human blood serum of 40° C. temper- 
ature, and two dilutions are made with blood of the same tem- 
perature. An equal quantity of 2 per cent, agar solution is 
now poured into each tube, and three glass dishes are covered 
at once with this mixture. After being in the brood oven for 
twenty-four hours colonies can be discovered. 

Fig. 80. 




Gonococcus in urethral pus ; X 1000 (Frankel and Pfeiffer). 

In three days a very thin, almost invisible, moist yellowish 
growth, seemingly composed of little drops. 

Under low power small processes are seen shooting out from 
the smooth border. 

It requires to be then transferred to fresh media, as it quickly 
perishes. 

Cultivation has also occurred on acid gelatine, gelatine con- 
taining acid urine, in acid urine itself, and albuminous urine 
with agar. 

Staining, — Colored easily with all ordinary aniline stains. 
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Grani^s method is not applicable, this being one of its main 
diagnostic features. 

The following method is recommended by Neisser. 

The cover-glasses, with some of the urethral discliarge smeared 
upon them, are covered with a few drops of alcoholic solution of 
eosin and heated for a few minutes over the flame. The excess 
of the dye is removed with filter paper, then the cover-glass 
placed in concentrated methylin blue (alcoholic solution) for 15 
seconds, and rinsed in water. 

The gonococci are dark blue, the protoplasm of the cell pink, 
and the nucleus a light blue, the gonococci lying in the proto- 
plasm next to the nucleus. 

Other bacteria are similar to the gonococci in form ; they are 
distinguished from the gonococcus, in that they are colored with 
Gram's method, whereas the micrococcus of gonorrhoea is not. 
Therefore it is always necessary, after having first found these 
peculiar-shaped microbes, to apply Gram's stain, and if they are 
then not found one can safely say it is the gonococcus. 

Pathogenesis, — The attempts to infect the experiment ani- 
mals with gonorrhoea have so far been without success. In man, 
upon a healthy urethra, a specific urethritis was produced with 
even the 20th generation of the culture. GoYwrrhoeal ophthalmia 
contains the cocci in great numbers, and endocarditis and gon- 
orrhoeal rheumatism are said to be caused by the cocci. 

The microbes have been found long after the acute attack, 
when only a very slight oozing remained, and the same were 
very virulent. 

The specific inflammations of the generative organs of the 
female are due to this microbe, having gained entrance through 
the vagina, extending its influence. It is found chiefly in the 
superficial layers of the mucous membrane. 

A temperature of 40° C. for 12 hours destroys the gonococci. 

Gonotoxin. — A toxin has been isolated which causes fever, loss 
of weight, and finally death. The urethra is not immunized by 
repeated injections. In man the toxin causes painful indura- 
tions lasting several days. 

Similar Microbes found in the Urethra and Vagina. 

Micrococcns Citreus Conglomerata. (Bumm.) Similar to 
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the gonococci in form, they are, however, easily cuUivaied, and 
form yellow colonies which dissolve the gelatine and grow rap- 
idly ; the surface of the gelatine is at first moist and shiny, but 
later on wrinkled. Colored uoUh Gram's method^ and have no spe- 
cial pathological axiion. Found in the air and gonorrhoeal pus. 

Diplococcus Albicans Ainplii8« (Bumm.) In vaginal secretion. 
The diplococci are much larger than the gonococci, but similar 
in form. They are also cultivated upon gelatine plates, grayish- 
white colonies, which slowly liquefy gelatine. They grow mode- 
rately rapid. ' Stained with Gram's method, and have no 
pathogenic action. 

DiplococcTifl Albicans Tardissimns. (Bumm. ) 

Origin. — In urethral pus. Fortn, like gonococci. Properties, 
immotile ; do not liquefy gelatine. Growth^ very slow at ordi- 
nary temperature, but more rapid at brood-heat. The colonies 
are small white points, which under low power appear brown 
and opaque. 

Agar Stroke Culture,— Grayish-white growth, which after two 
months is like a skin upon the surface. 

Staining. — Takes Oram^s method, 

Pathjogenesis^ — None known. 

Micrococcus Snbfiavus. (Bumm.) 

Origin, — In lochial discharges, in vagina and urethra of 
healthy persons. 

Form, — As gonococci. 

Properties, — Not motile ; liquefy gelatine slowly ; a yellow- 
brownish pigment. 

Groiut/i.— Grows slowly on all media, forming on gelatine, 
after two weeks, a moist yellowish surface growth, 

Poiaio. — Small half-moon-shaped colonies which, after three 
weeks, become light-brown in color, and covering the surface as 
a skin. 

Staining. — Colored with Gram, 

Pathogenesis,— ^ot acting upon the mucous membrane, but 
when injected in cellular connective tissue, an abscess results 
which contains myriads of diplococci. 

The gonococcus is distinguished from all these similar micro- 
cocci by being found usually within the cell protoplasm, 
10 
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Secondly, —Not stained with Gramas method. 
Thirdly, — Eef using to grow readily upon gelatine. 
All the similar bacteria being easily cultivated. 
These characteristics, taken in totOy form suflScient features for 
its ready recognition, and as it is often a serious question to 
decide, not so much because of the patient's health as because 
of his character, we should be very careful not to pronounce a 
verdict until we have tested tlie micro-organism as above. When 
the germ so tested is found, the process can be called specific 
without a doubt. 

Fig. 81. 
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Bacillus of Tetanus with spores. 

BacilllU of Tetaniu. (Kicolaier-Kitasato.) 

Origin, — Nicolaier found this bacillus in the pus of a wound 
in one who had died of tetanus, describing it in 1884. 

Kitasato has since then been able to isolate and cultivate this 
germ. (1889.) 

Form, — A very delicate, slender rod, somewhat longer than 
the bacillus of mouse septicaemia, which is the smallest bacillus. 

When the spores form, a small swelling occurs at the end 
where the spore lies, giving it a drum-stick shape. 
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Properties. — liiot very motile, though distinctly so ; liquefies 
gelatine slowly. The cultures give rise to a foul-smelling gas. 
Groiot/i.— Develops very slowly, best at brood-heat (36^ to 38P 



Fig. 82. 



Fig. 83. 



Bacillus tetani : culture four days 
old in glucose-gelatine^FrSnkel and 
Pfeiffer). 



Six days' culture of bacillus 
of tetanus in gelatine (deep 
stab). (Frankel and PfeifTer. 



C), and only when all oxygen is excluded,- an obligatory ancero- 
Un, In an atmosphere of carbon dioxide gas it cannot grow, 
but in hydrogen it nourishes. 
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Colonies on gelatine plates in an atmosphere of hydrogen. 
Smair colonies. After four days a thick centre and radiating 
wreath-like periphery, like the colonies of bacillus subtilis. 

High Stah-OuUure, — (The gelatine having 2 per cent, glucose 
added and filling the tube.) Along the lower portion of the needle- 
track, a thorny-like growth, little needle-like points shooting 
out from a straight line. The whole tube becomes clouded as 
the gelatine liquefies, and then the growth settles at the bottom 
of the tube. 

Agar, — At brood-heat, on agar, the growth is quite rapid, and 
at the end of forty-eight hours gas bubbles have formed and the 
growth nearly reached the surface. 

BouUlon, — Adding glucose to the bouillon gives a medium in 
which an abundant growth occurs. 

OuMivationfrom Spores. — Kitasato, by exposing a portion of sus- 
pected material to a temperature of 80° C. for one hour, killed off 
all the spores save those of tetanus, which were then cultivated. 

plaining, — All the ordinary stains, Gram's method also; the 
spores being colored in the usual way. 

Pathogenesis. — A small amount of the pure culture injected 
under the skin of experiment animals will cause, in two to three 
days, death from true tetanus, the tetanic condition starting 
from the point of infection. At the autopsy nothing characteristic 
or abnormal is found, and the bacilli have disappeared, except 
near the point of entrance. This fact is explained as follows : 

Several toxic products have been obtained from the cultures, 
and they are produced in the body, and give rise to the morbid 
symptoms. These have been isolated, and when injected singly 
cause some of the tetanic symptoms. The virus enters the 
circulation, but does not remain in the tissues. The spores are 
very resistant to heat, drying, and chemicals. 

Four toxins (among them tetanin, tetanotoxin, and spasmo- 
toxin) have been found. The blood and the urine contain the 
toxin and are fatal to animals. 

Immunity. — Kitasato, by inoculation of sterilized cultures, has 
caused immunity to the effects of virulent bacilli. 

An anti-toxin obtained by Tizzoni and Cattani from the serum 
of animals made immune by sterilized cultures has been used 
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with curative effects in several cases of tetanus in man. It is 
a globulin, but differs from the anthrax anti-toxin, and it is 
found exclusively in the serum. By precipitation with alcohol 
and drying in vacuo the anti-toxin is obtained in a solid state. 
The aqueous solution is used for injection subcutaneously. 
Anti-toxin is more beneficial in chronic cases than in acute. 

Habitat. — The bacillus is present in garden earth, in manure ; 
and it has been isolated even from mortar. 

The earth of special districts seems to contain the bacilli in 
greater quantities. 

Fig. 84. 




Bacillus of malignant cedema, from the body-juice of a guinea-pig inoculated with 
garden earth ; X 1000 (FrSnkel and Pfeiffer). 

Bacillus (Edematis Maligni. (Koch, 1881.) Vibrion Septique. 
(Pasteur, 1875.) 

Origin. — In garden earth, found lately also in man, in severe 
wounds when gangrene with oedema had developed. Identical 
with the bacillus found in Pasteur's septicaemia. 

Form. — Rods somewhat smaller than the anthrax bacilli, the 
ends rounded very sharply. Long threads are formed. Very 
large spores which cause the rods to become spindle-shaped. 
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Properties. — Very motile ; liquefy gelatine ; do not produce any 
foul "gaseous products in the body. 

Growth, — Grows rapidly, but only when the air is excluded, 
and best at brood or body heat. 

RoU (JuUures. — (After Esmarch's method.) Small, round colo- 
nies with fluid contents, under low power, a mass of motile 
threads in the centre, and at the edges a wreath-like border. 

High Stab- OuUure.— With glucose gelatine, the growth at first 
seen in the bottom of the tube, with a. general liquefaction of 
the gelatine, gases develop and a somewhat unpleasant odor. 

Agar, — The gases develop more strongly in this medium, and 
the odor is more prominent. 

Guinea-Pig Bouillon, — In an atmosphere of hydrogen cloud- 
ing of the entire culture medium without any flocculent pre- 
cipitate until third day. 

Staining. — Are stained with the ordinary dyes, but Gram's 
method is not applicable. 

Pathogenesis, — When experiment animals, mice or guinea- 
pigs, are injected with a pure culture under the skin they die in 
8 to 15 hours, and the following picture presents itself at the 
autopsy : In guinea-pigs from the point of infection, spreading 
over a large area, an oedema of the subcutaneous tissues and 
muscles, which are saturated with a clear red serous exudate 
free from smell, containing great quantities of bacilli. 

The spleen is enlarged, especially in mice. The bacilli are 
not found in the viscera, but are present in great numbers on 
the surface, i. e., in the serous coverings of the different organs ; 
though when any length of time has elapsed between the death 
of the animal and the examination, they can be found in the 
inner portions of the organs, for they grow well upon the dead 
body. In man they have been found in rapidly spreading gan- 
grene. They are present in the soil, in putrefactions of various 
kinds, and in dirty water. 

Immunity.— Is produced by injection of the sterilized cul- 
tures, and also the filtered bloody serum of animals dead with 
the disease. 
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Spirillnin of Relapsing Fever. (Obermeier.) 
Syn. — Spirocheeta Obermeieri. 

Fig. 85. 



O 




Spirochseta Obermeieri in the blood (tod Jaksch). 

Origin, — Found in the blood of recurrent fever patients, 
described in 1873. 

JFbrm.— Long, wavy threads (16 to 40 fi long), a true spiril- 
lum ; flagella are present. 

Properties, — Very motile, ^as not been cuUiixited, 

Staining,— Ordinsivy aniline stains. Bismark brown best for 
tissue sections. 

Pathogenesis,— Found in the organs and blood of recurrent 
fever. Man and monkeys inoculated with blood from one suf- 
fering from this disease become attacked with the fever, and 
in their blood the spirillum is again found. It is found in the 
blood, only in the relapses (during the fever). After the attack 
the spirilla gather in the spleen and gradually die there. It 
has been found in the brain, spleen, liver, and kidneys. In the 
secretions it has not been discovered. 

Bacillus Malarise. (Klebs and Tommaci-Crudeli.) 

Origin, — These two observers found a germ present in malarial 
persons in the blood, which produced an intermittent fever in 
animals which had been inoculated with such blood. They 
also found them in the soil of the Roman Campagna. Very 
little importance is at present attached to this discovery. 
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Haematozoa of Malaria. Certain micro-organisms are -found 
in the blood of persons suffering from malaria, and have lately 



Pig. 86. 



Fig. 87. 
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Cultures in agar of malignant 
(Edema, after 24 hours, at 37° C. 
(Frttnkel and Pfeiflfer.) 



^>.* 



Bacillus of malignant oedema 
growing in glucose-gelatine 
(Frankel and Pfeiffer). 



been very carefully studied. They'do not belong to bacteria, 
being of animal origin; they are protozoa. 
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HemamoBba Laverani. 1880. 

Synonyms. — HxmcUomonas Malarias (Osier). PUismodium Ma- 
larias (Laveran). 

Life Process. — A small amoeboid unpigmented body finds entr}'^ 
into a blood-corpuscle, and there splits up the haemoglobin and 
begins to segment, forming a number of spores or granules ; the 
corpuscle swells and finally disappears, allowing the spores and 
new-formed amoebae to wander free in the blood ; and these then 
fasten themselves on to other blood-corpuscles, w^here they carry 
on a similar process. 

In the Quartan variety the whole cycle lasts about 72 hours. 
The amoebae during the development are slightly mobile, the 
pigment formed is coarse and plentiful, and the corpuscle is not 
greatly enlarged. 

The Tertian variety requires but 48 hours for its development; 
it fills the corpuscle entirely and distends it ; is actively motile ; 
the pigment-granules are fine. 

The fever begins as the spores ripen. When the organism 
segments it often arranges itself into a rosette, the rosette then 
breaks up into separate segments, and the segments then con- 
tract into little spherules or spores. 

In the Quotidian form the organisms are smaller in the pe- 
ripheral blood, but the larger ones are found massed together in 
blood from the spleen. 

Laveran Orescent. — In the less acute forms a semilunar body, 
rounded ends with granular masses in the center, is found 
stretching through the cell or showing only a small remnant of 
the red corpuscle. The organism may develop flagella, but it 
disintegrates after a time without forming spores. 

Form. — Various shapes have been described, and whether 
they are all of one micro-organism or several distinct organ- 
isms is not yet definitely settled. They have been found in the 
cell, intror corpuscular y and outside of the cell, extra-corjmscular. 

OuUivation of these organisms has not yet been attained. 

Staining and Examination of Blood. — Take the blood of a per- 
son subject to malarial fevers, just before a pslroxysm. Having 
first carefully cleansed the Tfinger, a ligature is applied, and the 
drop of blood drawn with a needle, brought on a well-cleansed 
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cover-glass, and immediately covered with a second cover- 
glass. This is now examined with a strong objective {dry sys- 
tem) by day-light. 

If, now, a stained preparation is wanted, the cover-glasses are 
slid apart, passed tiiree times through the flame, and a concen- 
ti-ated solution of methylin-blue left on for a few mhiutes. 



Fig. 88. 
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Extra-corpuBcular. 
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Intra-corpuscular. 
Various Forms of Plasmodia. 




Still better is it to allow a drop of methylin-blue solution in a 
little ascitic fluid to flow slowly on the cover-glass before the blood 
has become dry. The finer structure will then be more plainly 
brought out. Laveran recommends the strong objective of the 
dry system for examining. 

A drop of a watery solution of fuchsin or methylene-blue can 
be placed on the glass slide and a drop of blcTod on the cover- 
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glass, then the cover-glass turned over on to the slide so that 
the two liquids niix, and examined at once. 

Another Method of Staining. — Dry cover-glass in air ; fix in a 
mixture of equal parts of alcohol and ether for half an hour ; 
dry with filter-paper, and place for half an hour in a w^eak solu- 
tion of methylene-blue ; transfer to a 2 per cent, alcoholic solu- 
tion of eosin for half an hour. Or the specimen can be stained, 
after fixation, in concentrated watery methylene-blue, 60; one- 
half per cent, eosin solution (75 per cent, alcohol), 20 ; aqua des- 
tillat., 40. — ^M. Allow to remain for ten minutes; wash in water, 
and mount in xylol balsam. Blood-cells red ; plasma of parasite 
blue ; nucleus of parasite colorless ; nucleolus deep blue. 

Pathogenesis, — ^These organisms have been found only in ma- 
larial diseases, and constantly malarial paroxysms have been 
produced in healthy persons by inoculation of blood containing 
such organisms. They disappear under the use of quinine. 

Significance. — ^Presence of the parasite confirms the diagnosis. 
A negative result is not proof of the absence of fever ; in fresh 
infection the parasite is not always found ; several examinations 
are necessary at least three to ten hours before the parox3^sm8. 

Golgi finds certain types constant in tertian, and others again 
peculiar to quartan. 

Some, however, hold all these various forms as nothing more 
than changed blood-corpuscles. The impossibility of obtaining 
a pure culture leaves the question still in doubt. 

Orassi and Feletti claim to have produced in sparrows and 
man, by injection of the blood of malarial persons, malarial 
fever, and found the specific parasites for the different forms. 
The amoeboid or intra-corpuscular give rise to the typical inter- 
mittent fevers. The crescent-shaped extra-corpuscular, produc- 
ing the dumb ague or irregular fever ; four different amoebse were 
found. 

Hsemamoeba prsecox produces the quotidian. 
*' vivax " ** tertians, 

" nialarise " " quartans. 
*' immaculata " " quotidian. 
Laverania malarise " " irregular fever, 

Tliey place them with the Bhizopoda. 
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Bacillus of Soft Chancre. (Ducrey-Unna.) 

A diplobacillus which is specific has been described by Ducrey 
as obtained from the secretion and in the depth and margins 
of the chancroid. Unna's bacillus is narrower and unbroken 
in the center. • 

OuUivcUion, — Unsuccessful . 

Staining. — With borax, methylen-blue, decolorized with weak 
acetic acid. 

Pathogenesis. — Probably a mixed infection occurs in most 
chancroids, especially if buboes result. The bacillus of Ducrey 
is not found in unopened buboes, though often contaminating 
the ulcerated ones. 

Bacillus Icteroides. (Sanarelli, 1897.) 



Fig. 89. 




Bacillus icteroides (Sanarelli). 



Syn. — Bacillus X. (Sternberg). Considered the cause of yellow 
fever by Sanarelli, but Sternberg and Novy regard this as not de- 
termined 

Origin. — In the tissues and blood of yellow-fever patients. 

Form. — A small bacillus with rounded ends, often arranged in 
pairs, sometimes in threads, with lateral flagella. 
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Properties. — Motile, readily stained, decolorized by Gram's 
method. Does not liquefy gelatine nor produce glucose fermen- 
tation. Aerobic. No acid reaction in milk. 

Growth. — Gelatine plates ; white kidney-shaped colonies, with 
a central darker portion or nucleus. 

Agar. — Colonies look like drops of paraffin, with margins 
raised above the surface. Kept alternately at 22° C. and 37° C, 
the colonies take on a characteristic appearance, as if an im- 
pression had been made in soft wax. 

Potato. — Creamy pale growth, turning brown in a week. 

Pathogenesis. — Dogs and rabbits, when inoculated with pure 
cultures, are affected with symptoms exactly similar to those 
seen in yellow-fever patients— a hemorrhagic gastro-enteritis, 
steatosis of the liver, and albuminuria. 

The ''serum agglutinating reaction'' with the blood of yellow- 
fever patients has been obtained in about 70 per cent, of the 
cases examined that showed the bacillus. A protective anti- 
toxin has been experimented with, but not sufficiently as yet. 

Recent researches find an identity with the bacillus of hog 
cholera, and some investigators believe it to be a form of typhoid 
bacillus. Typhoid and colon bacilli have been found, together 
with the B. icteroides, in the same patient. 

Bacillus of Bubonic Plague. (Yersin and Kitasato, 1894.) 

Bubonic plague or pest is an extremely infectious disease 
more or less common in China and the East, and is believed 
to have its origin in man from rats and other rodents. It 
spreads with great rapidity, especially among those living under 
unsanitary conditions. 

Nearly at the same ttme Yersin and Kitasato, working inde- 
pendently, discovered in the bubonic swellings and blood of 
affected persons a distinctive bacillus which has conformed to 
all the conditions necessary to make it the cause of the disease. 

Origin. — In the tissues and all the body fluids and secretions 
of affected individuals. 

Form. — Short, thick rods with an indistinct capsule, rounded 
ends. Growing in chains in fluid media. 

Properties. — Immotile. Stains readily. No spores. Culti- 
vated best in oxygen, but is fiicultative anaerobic. Stains 
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stronger at the ends, producing bipolar appearance. Gelatine 
not liquefied. Easily destroyed by sunlight and drying. 

Growth.— Best at 37** C. 

GekUine. — At 22° C, in 24 hours white, point-like colonies on 
the plates, with broad and flat surface, turning gray and then 
brown. 

Stab. — Snow-white, spreading out on the surface to the edge, 
and fluorescent. 

Bouillon, — Granular precipitate, with clear fluid above. 

Fio. 90. 




Bacillus of bubonic plague (Yerain). 



Agar and B/6orf-aerum.— Glass-like colonies like drops of dew 
at first, then growing larger with iridescent edges. 

Potaio.~At 37° C. small white mass. 

No gas formation in glucose media. 

Staining readily with all basic dyes. 

Patfwgenesis.— After subcutaneous injection in rats death fol- 
lows in 40 to 60 hours, with symptoms of severe toxsemia and 
convulsions. The point of infection shows a local oedema and 
inflammation of the lymphatics. All the organs congested and 
surrounded by a bloody exudate. The characteristic bacilli in 
all the tissues and secretions. Nearly all the domestic animals 
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are susceptible. Mosquitoes and pigeons, however, are im- 
mune; flies are not. 

Products. — A toxin has been obtained and immunity has been 
effected ; the serum of immune animals has protective prop- 
erties. The serum likewise shows agglutinating powers, as with 
typhoid and cholera serums. 

Habitat. — ^Not found in water, but most likely spreads from the 
soil in damp and darkened areas. Rats become affected first, 
and then through bites and scratches affect man and other ani- 
mals. Clothing, vomit, and the excretions generally, likewise 
act as carriers of the infection. 



CHAPTER IV. 

BACTERIA PATHOGENIC FOR ANIMALS BUT NOT FOR MAN. 

Bacillus of Symptomatic Anthrax. (Bollinger and Feser.) 

(Charhon ayniptomatique. Arloing, Cornevin, and Thomas.) 

Origin. — This bacillus, described already in 1879, has only 
lately been isolated, and by animal inoculation shown to be the 
cause of the " black-leg" or "quarter-evil" disease of cattle. 

^orm.— Large slender rods, which swell up at one end or in 
the middle for the spore. (See Plate III., Fig. 1.) 

Properties. — They are motile, and liquefy gelatine quite 
rapidly. 

A rancid' odor is developed in the cultures. 

Cultures,— The growth occurs slpwly, and only in an atmo- 
sphere of hydrogen, being very easily destroyed by oxygen and 
carbon dioxide ; grows best at blood heat ; under 15° C. no 
growth. 

Olucose-gelatine.— In a few days little round colonies develop, 
which, under low power, show hairy processes around a compact 
centre. 

StaJb Cultures in full test tubes.— The growth first in the lower 
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portion of the tube not very characteristic. Grases develop 
after a few days, and the gelatine becomes liquid. 

Agar at brood temperature, in 24 to 48 hours, an abundant 
growth with a sour odor and abundant gas formation. 

iSiamiw^.— Ordinary methods. Gram's method is not appli- 
cable to the rods ; but the spores can be colored by the regular 
double stain for spores. 

Pathogenesis. — If a small amount of the culture be injected 
under the skin of a guinea-pig, in twenty hours a rise of tempera- 
ture, pain at the site of injection, and in a few hours more 
death. At the autopsy, the tissues blackened in color and 
soaked with a blood}^ serous fluid ; in the connective tissue large 
collections of gas, but only in the neighborhood of the point 
of infection. The bacilli are found in great numbers in the 
serum, but only appear in the viscera some time after death, 
when spores have developed. 

The animals are usually infected through wounds on the 
extremities ; the stalls or meadows having been dirtied by the 
spore-containing blood of animals previously dead of the dis- 
ease. *''' Baiischhrand^^ is the German name ; " Charhon symp- 
tomatique,^^ the French, from the resemblance in its symptoms 
to anthrax. 

Immunity, — Rabbits, dogs, pigs, and fowls are immune by 
nature, but if the bacilli are placed in a 20 per cent, solution of 
lactic acid, and the mixture injected, the disease develops in 
them. The lactic acid is supposed to destroy some of the 
natural resistance of the animal's cells. 

When a bouillon culture is allowed to stand a few days, the 
bacilli therein lose their virulence, and animals are no longer af- 
fected by them. 

But if they are placed in 20 per cent, lactic acid and the mix- 
ture injected, their virulence returns. 

Immunity is produced by the injections of these weakened 
cultures, and also by some of the products which have been ob- 
tained from the cultures. 

Bacillns of Chicken Cholera. (Pasteur.) 

Syn. — Micrococcus cholera gallinarum. Microbe en huit. Ba- 
cillus avicidus. Bacillus of fowl septiccemia. 
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Origin. — In 1879 Perroncito observed this cocci-like bacillus 
in diseases of chickens, and Pasteur, in 1880, isolated and 
reproduced the disease with the microbe in question. 

Form. — At first it was thought to be a micro- 
coccus, but it has been seen to be a short rod ^' ' 
about twice as long as it is broad, the ends /m| 
slightly rounded. The centre is very slightly /> .M 




influenced by the aniline colors, the poles 
easily, so that in stained specimens the bacil- 
lus looks like a dumb-bell or a figure-of-eight. ^ , 
,-_. , , -^ V Chicken cholera 

(Microbe en huit.) i,, biood looo x. 

Properties. — They do not possess self-move- (Frankei and 
ment ; do not liquefy gelatine. . Pfeiffer.) 

Grmvth. — Occurs at ordinary temperature, requiring oxygen 
for development. It grows very slowly. 

Gelatine Plates, — In the course of three days little round, 
white colonies, which seldom increase in size, having a xough 
border and very finely granulated. 

Stab Oulture. — A very delicate gray line along the needle- 
track, which does not become much larger. 

Agar Stroke Culture.— A moist, grayish-colored skin, more 
appreciable at brood heat. 

Potato. — At brood heat after several days a very thin, trans- 
parent growth. 

Staining. — Methylin blue gives the best picture. Gram's 
method is not applicable. As the bacillus is easily decolorized, 
aniline oil is used for dehydrating tissue sections, instead of 
alcohol. 

Method : 

Loffler's methylin blue . . . . ^ hour. 

Alcohol 5 seconds. 

Aniline oil 5 minutes. 

Turpentine 1 minute. 

Xylol and Canada balsam. 

Pathogenesis.— Feeding the fowls or injecting under the skin 
will cause their death in from 12 to 24 hours, the symptoms pre- 
ceding death being those of a heavy septicseraia. 
11 
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The bacillus is then found in the blood and viscera, and the 
intestinal discharges, the intestines presenting a hemorrhagic 
inflammation. 

Guinea-pigs and sheep do not react. Mice and rabbits are 
affected in the same manner as the fowls. 

Immwrnt?/.— Pasteur, by injecting different-aged cultures into 
fowls, produced in them only a local inflammation, and they 
were then immune. But as the strength of these cultures could 
not be estimated, many fowls died and the healthy ones were 
endangered from the intestinal excretions, which is the chief 
manner of infection naturally ; the fseces becoming mixed with 
the food. 

Bacteria of Hemorrhagic Septicsemia. (Hueppe.) 

Under this heading Hueppe has gathered a number of bac- 
teria very similar to the bacillus of chicken cholera, differing 
from it and each other but very little. They have been described 
by various observers and found in different diseases. 

(1) The bacteria of this group color themselves strongly at 
the poles^ giving rise to the dumb-bell shape. They do not take 
the Gram stain. They are without spores, 

(2) And do not liquefy gelatine. 

They have been placed in three general divisions : — 
' Wild Plague. (Hueppe. ) 
German Swine Plague. (Loffler, Schiitz.) 
Rabbit Septicaemia. 
Ox Plague. (Oresti-Armanni.) 
Steer Plague. (Kitt.) 
The bacteria of the first division are not motile, do not grow 
on potato, and are found scattered through the bloodvessels. 
A local reaction is uncommon. 

' American Swine Plague. (Billings. ) 
French Swine Plague. (CornilandChantemesse.) 
Cattle Plague. Texas Fever. (Billings.) 
Frog Plague. (Eberth. ) 
Here the bacteria are motile. They grow on potatoes and 
are similar to the typhoid bacillus in gelatine. They form 
small embolic processes in the capillaries. They cause only 
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a local disturbance in rabbits when subcutaneously injected. 
An acid fermentation is produced in milk. 
^, ,. . . f Hog Cholera. (Salmon.) 

1 Swedish Swine Plague. (Lelander.) 

The bacteria of this third division are very motile. The hog- 
cholera bacilli lie in the spleen and other organs in small masses 
like the typhoid bacillus. 

Rabbits die in four to eight days without any local disturb- 
ance. The growth on potato is strong. 

The Swedish swine-plague bacillus occupies a position be- 
tween that of Hog Cholera and Bacillus Coli Communis. 

The various swine-plague bacilli are but little active in fowls, 
differing thus widely from the chicken-cholera bacillus. 

Bacillus of Erysipelas of Swine, .(^^offler, SchUtz. ) Schweine- 
roilaufbacillus (Oerman). Bauget du pore (French). 

Origin. — Found in the spleen of an erysipelatous swine by 
Loffler in 1885. 

Form.— One of the smallest forms of bacilli known ; very thin, 
seldom longer than 1 ^u, looking at first like little needle-like 
crystals. Spores have not been found. 

Properties. — They are motile ; do not liquefy gelatine. 

Grrowth in culture at ordinary temperature, very slowly, and 
the less oxygen the better the growth. 

Gelatine PlaJte. — On third day little silver-gray specks, seen 
best with a dark background, coalescing after awhile, pro- 
ducing a clouding of the entire plate. 

Stah Cultures. — In a few days a very light, silvery-like clouding, 
which gradually involves the entire gelatine ; held up against 
a dark object, it comes plainly into view. 

Staining. — All ordinary dyes and Gram's method also. 

Tissue sections stained by Gram's method show the bacilli in 
the cells, capillaries, and arterioles in great numbers. 

Pat/iogenms.— Swine, mice, rabbits, and pigeons are sus- 
ceptible ; guinea-pigs and chickens, immune. 

When swine are infected through food or by injection a tor- 
pidity develops with diarrhoea and fever, and on the belly and 
breast red spots occur which coalesce, but do not give rise to 
any pain or swelling. The animal dies from exhaustion in 24 to 
48 hours. In mice the lids are glued together with pus. 
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At the autopsy the liver, spleen, and glands are enlarged and 
congested, little hemorrhages occurring in the intestinal mucous 
membrane and that of the stomach. 

Bacilli are found in the blood and all the viscera. 

One attack, if withstood, protects against succeeding ones. 

Immunity, — Has also been attained by injecting vaccines of 
two separate strengths. 

Bacillus MurisepticiLS. (Koch.) Mouse septiccemia. 

Origin. — Found in the body of a mouse which had died from 
injection of putrid blood, and described by Koch in 1878. 

F(yrm. — Differs in no particular from the bacillus of swine 
erysipelas, exceptins: that it is a very little shorter, making it 
the smallest known bacillus. Spores have been found, the cul- 
tures exactly similar to those of swine erysipelas. 

The pathological actions are also similar. Field mice are 
immune ; whereas for house and white mice the bacillus is fatal 
in two to three days. 

Micrococcus of Mai de Pis. (Nocard.) Gangrenous mastitis 
of sheep. 

Origin, — In the milk and serum of a sheep sick with the 
"wai depis,'''' 

Form, — Very small cocci seldom in chains. 

Properties^ immotile ; liquefying gelatine. 

Growth, — Growth occurs best between 2(Pand 37^ C, is very 
rapid, and irrespective of oxygen. 

Plates of Gelatine, — White round colonies, some on the surface 
and some in the deeper strata, with low power, appearing brown 
surrounded by a transparent areola. 

Stab Culture, — Very profuse along the heedle-track, in the 
form of a cone after two days, the colonies having gathered at 
the apex. 

Potato, — A dirty gray, not very abundant, layer somewhat 
viscid. 

Staining, with ordinary methods ; also Gram's method. 

Pathogenesis. — If a pure culture is injected into the mammary 
gland of sheep, a ''^mal de pis''^ is produced which causes the 
death of the animal in 24 to 48 hours. The breast is found 
oedematous, likewise the thighs and perineum ; the mammse 
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very much enlarged, and at the nipples a blue-violet coloration. 
The spleen is small and black ; other animals are less susceptible. 
In rabbits abscesses at the point of infection, but no general 
affection. 

Bacillus AlveL (Cheshire and Cheyne.) Bacillus melittoph' 
tJiams. (Cohn.) 

Origin,— 'In foul-brood of bees. 

i^orw.— Slender rods, with round and conical-pointed ends ; 
very large oval spores, the rod becoming spindle-shaped when 
they appear. 

Properties, — Motile, liquefying gelatine rapidly. . 

Qroioth,— Grows best between 2(P C. and 37^ C, very slowly ; 
serobic 

GkJatine Plates, — Small grooves are slowly formed, which unite 
80 as to form a circle or pear-shaped growth, from which linear 
grooves again start. 

Stab CMrtwre.— Grows first on surface, then gradually along 
the needle-track, long processes shooting out from the same, 
clouding the gelatine. Later, air-bubbles form like the cholera 
culture, and in two weeks the whole gelatine liquefied. 

Staining, —Do not take aniline dyes very well. Gram's method 
is, however, applicable. 

Pathogenesis, — If a pure culture is spread over the honey « 
comb containing bee larvae, or if bees are fed upon infected 
material, foul-brood disease will occur. Mice, if injected, die in a 
few hours. (Edema around the point of infection, and many 
bacilli contained in the oedematous fluid, otherwise no changes. 

Micrococcus Amylivorns. (Burrill. ) 

Origin,— In the disease called ^'^ Blight ^^^ which affects pear- 
trees and other plants. 

Jbrm.— Small oval cells, never in chains, more the form of a 
bacillus. 

Pathogenesis, — Introduced into small incisions in the bark of 
pear-trees the trees perished from the " blight." The starch of 
the plant cell was converted into carbon dioxide, hydrogen, 
and butyric acid. 

Bacterinm Termo. (Cohn. ) 

This was a name given to a form of micro-organism found in . 
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decomposing albuminous material, and was supposed to be one 
specific germ. Hauser, in 1885, found three difierent distinct 
microbes which he grouped under the common name of Proteus, 
which have tlie putrefying properties ascribed to B. Termo. 

Proteus Vulgaris. 

Origin, — In putrid animal matter, in meconium and in water. 

Form. — Small rods, slightly curved, of varying lengths, often 
in twisted chains, having long cilia or flagella. 

Properties. — Very motile, and very soon liquefying gelatine ; 
forms hydrogen sulphide gas ; causes putrefaction in meat. 

GrmjoUi. — Growth very rapid, best at 24^ C, is facultative 
serobic. 

Gelatine Plates. — Yellowish-brown, irregular colonies, with 
prolongations in every direction, forming all sorts of figures ; an 
impression preparation shows these spider-leg processes to con- 
sist of bacilli in regular order. 

Stah Culture. — The gelatine soon liquid, p, gray layer on the 
surface, but the chief part of the culture in small crumbs at the 
bottom. 

Pathogenesis. ^'Rsihhits and guinea-pigs injected subcutane- 
ously die quickly, a form of toxaemia, hemorrhagic condition of 
lungs and intestines present. When neurin is injected previ- 
ously the animalH do not die* This ptomaine is supposed to be 
generated by the proteus vulgaris. 

Proteus Mirabilis. (Hauser.) 

Differs from P. vulgaris in that the gelatine is less rapidly 
liquefied. Found also in putrid material. 

Proteus Zenkeri. ( Hauser. ) 

Does not liquefy gelatine ; otherwise similar to the other two. 

We have now considered some of the characteristics of the 
more important bacteria. The scope of this work does not allow 
a more extended study than we have made, which, as we are 
aware, has been very superficial. The larger works must be 
referred to, if a deeper interest is taken in the subject. 
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YEASTS AND MOULDS. 

In works on bacteria^ these true fungi, yeasts and nuyulds, are 
usually considered. They are so closely related to bacteria, and 
so often contaminate the culture media, and are so similar in 
many respects, that a description is almost a necessity. 

But there are several thousand varieties, and we cannot 
attempt to describe even all of the more important ones. It 
will answer our purpose to detail a few of the more common 
kinds, and give the principal features of the different orders. 

Fun^i exist without chlorophyl, 

Sacchardmycetes or Yeasts increase through budding; the 
spores are attached to the mother cell like a tuber on a potato. 

Yeasts are the cause of alcoholic fermentation in the saccha- 
roses. A description of the most common ones will suffice. 

Saocharomyces Cerevisiae. (Tm'ula Cerevisioe.) This is the 
ordinary beer yeast. 

i^orw.— Round and oval cells ; a thin membrane inclosing a 
granular mass, in which usually can be seen three or four irre- 
gular-shaped spores. When these become full grown they pass 
through the cell wall and form a daughter cell. Sometimes long 
chains are produced by the attached daughter cells. 

Gh'owth. — They can be cultivated as bacteria in bouillon, but 
they grow best in beer. 

There are several varieties of beer yeast, each one giving a 
characteristic taste to the beer. Brewers, by paying special 
attention to the nutrient media, cultivate yeasts which give to 
their beers individual flavors. 

Mixed yeast gives rise to a poor quality of beer. 

Saocharomyces Eosacens. S. Niger and S. Albicans. These 
yeasts are found in the air ; and instead of producing alcoholic 
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fermentation they give rise to a pigment in the culture media. 
They grow upon gelatine which they do not liquefy. 

Saccharomyces Mycoderma. This yeast forms a mould-like 
growth, a skin, on the surface of fermented liquids, hut does not 
cause any fermentation itself. It forms the common "mould" 
on wine, preserves, and " sour krout." 

Pathogenic Yeasts. In recent years a number of workers 
have interested themselves in experiments with yeasts in their 
relation to disease; and under the name of Blastomycdes, San- 
felice has grouped yeasts that produce tumors resembling epi- 
theliomata ; and he has tried to prove that the so-called animal 
parasites found in malignant growths, and variously known as 
coccidia and sporozoa, are yeasts. The whole subject is still 
under discussion. 

Oidium. A form which seems to be the bridge between the 
yeast and the moulds is the oidium. Sometimes it resembles 
the yeasts, sometimes the moulds, and often both forms are 
found in the same culture. Several are pathogenic for man. 

Oidinm Lactis. 

Origin. — In sour milk and butter. 

Form,— The branches or hyphens break up into short rod-like 
spores. No sporangium, as in moulds. 

Growth.— In milk it appears as a white mould. 

Artificially cultured on gelatine plates, or milk gelatine plates, 
it forms satin-like, star-shaped colonies, which slowly liquefy. 
Under microscope the form of the fungus is well seen. 

Agar Stroke Culture. — The little stars, very nicely seen at first ; 
then the culture becomes covered with them, causing a smeared 
layer to appear over the whole surface, with a sour odor. 

Properties. — The milk is not changed in any special way. It 
is not pathogenic for man or animals. It is found when the 
milk begins to sour. 

Oidium Albicans. (Soor.) Thrush Fungus. 

Origin. — Mucous membrane of the mouth, especially of infants. 

Form. — Taken from the surface of the culture, a form like 
yeasts ; but in the deeper layers, mycelia with hyphens occur. 

Growth.— "Not liquefying; snow-white colonies on gelatine 
plates. 



YEASTS AND MOULDS. 169 

Stab CWtwre. —Kadiating yellow or white processes spring from 
the line made by the needle, those near the surface having oval 
ends. 

Potatoes,— The yeast form, develops as thick white colonies. 

'Bread Mash, — Snow-white veil over the surface. 

Pathogenesis, — In man the parasitic thrush, or "white mouth," 
is caused by this fungus. In the white patches the spores and 
filaments of this microbe can be found. Babbits receiving an 
intravenous injection perish in twenty-four to forty-eight hours, 
the viscera being filled with mycelia. 

True Moulds. FlUgge has made five distinct divisions of 
moulds. It will, however, serve our purpose to classify those 
to be described under three headings : Penicillmm^ Mtcw, and 
AspergilliLS. 

Fenicillium Glaucum. 

Origin. — The most widely distributed of all moulds, found 
wherever moulds can exist. 

Form, — From the mycelium, hyphens spring which divide into 
basidia (branches), from which tiny filaments arise (sterygmata), 
arranged like a brush or tuft. On each sterygma a little bead 
or conidium forms, which is the spore. In this particular fungus 
the spores in mass appear green. 

Growth, — It develops only at ordinary temperatures, forming 
thick grayish-green moulds on bread-mash. At first these ap- 
pear white, but as soon as the spores form, the green predomi- 
nates. Gelatine is liquefied by it. 

Mucor Mucedo. Next to the penicillium glaucum, this is the 
most common mould. Found in horse dung, in nuts, and 
apples, in bread and potatoes as a white mould. 

Form, — The mycelium sends out several branches, Qn one of 
which a pointed stem is formed which enlarges to form a globu- 
lar head, a spore-bulb, or Sporangium., The spore-bulb is par- 
titioned off into cells in which large oval spores lie. When the 
spores are ripe a cap forms around the bulb, the walls break 
down and the wind scatters the spores, leaving the cap or 
" caZumeZ^a" behind. 

Growth. — Takes place at higher temperatures on acid media. 

It is not Patliogenic, 
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Achorion Schonleinii. 

Tricophyton Tonsnraiis. 

Microsporon Fnrfor. 

These three forms are similar to each other in nearly every 
particular and resemble in some respects the oidium lactis, in 
other ways the mucors. The first one, Achorion Schonldnii^ was 
discovered by Schonlein in 1839, in Favus, and is now known as 
the direct cause of this skin disease. 

Fig. 92. 




Achorion Schonleinii (after Kaposi). 



Origin, — Found in the scaly crusts of favus. 

Form. — Similar to oidium lactis. 

Grawtk. — Is very sparse. On gelatine round white masses 
inclosed by a zone of liquefied gelatine. 

In milk it is destroyed. 

Pathogenesis, — Causes favus in man. 

Tricophyton Tonsurans. Found, in 1854, by Bazin, in Tinea. 

Form, — Similar to the achorion or favus Inngus. 

Growth, — Somewhat more rapid than the favus, and the gela- 
tine quickly liquefied. Old cultures are of an orange-yellow 
color. Colonies have a star-shaped form. 

Pathogenesis,— Heroes tonsurans and the various tinese are 
produced by this fungus. 

Microsporon Furfur. Found in tinea versicolor, almost iden- 
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tical with the above, forms dry yellow spots, usually on the chest 
iu persons suffering from wasting diseases. 

Aspergillus Olaucus. 

Origin. — In saccharine fruits. 

Form. — The hyphen has formed upon its further end a bulb, 
from which pear-shaped sterygmata arise and bear upon their 
ends the conidia or spores. 

Growth.^Besi upon fruit juices. Non-pathogenic. The mould 
is green. Aspergillus flavus has the tufts and spores of a yellow 
color. 

A. FmnigatTls. Is pathogenic for rabbits when injected into 
them. At the autopsy their viscera are found filled with the 
mould. 

Examination of Yeasts and Moulds. Yeasts and moulds are 
best examined in the unstained condition. A small portion of 
the colony rubbed up with a mixture of alcohol and a few drops 
of liquor ammonia ; of this, a little is brouorht upon the glass- 
slide covered with a drop of glycerine and the cover-glass pressed 
upon it. If the preparation is to be saved, the cover-glass is 
secured by ringing around the edges. Yeasts take methylen-blue 
stain very well. 

Pathogenic Cladothrix and Streptothrix. Under this classi- 
fication a number of micro-organisms have been grouped of 
late, but the order is in nowise definitely determined. 

Cladothrix are rod-shaped organisms with branched filaments 
(mycelia), and carrying at the ends spores containing bodies 
known as conidia. 

In streptothrix the conidia are im motile and develop into 
new filaments. In cladothrix the conidia carry cilia at one end 
and swarm, but they are not easily distinguishable. 

Streptothrix, or' Cladothrix Actinomyces (ray fungus). By 
some this organism is considered a bacillus, by others allied to 
the moulds, and by more recent writers either a streptothrix or 
cladothrix. It is the cause of a peculiar disease affecting cattle, 
and through them contracted by man. It has been discovered 
in all countries and in various organs of the body, although its 
place of election is about the lower jaw, where it tends to form 
hard ulcerating abscesses, affecting other organs secondarily. 
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Form, — In the granular masses of an abscess cylindrical fila- 
ments are matted together, and radiating outward from this 
zone are club-shaped branches, as the petals of an aster. In the 
center of the granule are numerous cocci-like bodies, and some 
of the ovoid or club-shaped hyphens lie detached from the 
clusters. Through cultivation it was found that the ovules give 
rise to filaments, and they then form the ovules again. 

OuUivation. — At 38° C. on glycerine-agar in a period of one 
to two weeks, pointed scales about the size of a millet-seed, 
center dry and prominent, margins hyaline, composed only of 
filaments, short and long, massed together, but no clubbed 
forms. 

By some the clubs are considered the spore organs ; by others 
they are thought to be encapsulated or thickened filaments. 

Pathogenesis, — When a portion of the growth obtained in 
eggs was injected into the abdominal cavity of a rabbit, actinomy- 
cotic processes developed upon the peritoneum. 

It usually gains access to the living body through a wound in 
the gum or some caries of the teeth. A new growth is formed, 
ulceration being first set up. 

The new tissue, composed of round cells, then undergoes soft- 
ening, purulent collections form and the normal structure is 
destroyed. 

The usual seat is in the maxillary bones, but the fungus has 
been found in the lungs, tonsils, intestines, and various other 
organs in man and cattle. 

Examination. — Well seen in the unstained condition. From 
the pus or scraping a small portion is taken and squeezed upon 
the glass slide ; if calcareous matter is present, a drop of nitric 
acid will dissolve the same. 

Glycerine will preserve the preparation. 

Staining. — Cover-glass specimens stained best with Gram's 
method. Tissue sections should be stained as follows :— 

Ziehl's carbol-fuchsin, ten minutes. Einse in water. 

Cone, alcohol sol. of picric acid, five minutes. Binse in water. 

Alcohol, 50 per cent. , fifteen minutes. Alcohol absolute, clove 
oil, balsam. 

The rays stained red, the tissue yellow. 
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Fig. 93. 



Streptothrix Madura. (Vincent.) 

Origin, — Found in the disease known as Madura foot, or 
Mycetoma, an ulceration affecting the feet, especially of indi- 
viduals living in the tropics. 

F(ynn. — Branched filaments resembling the actinomyces strep- 
tothrix in the mycelia. Spores are seen. 

Cultivation. — In liquid media containing vegetable infusions 
growth occurs best. Temper- 
ature of 37° C. most suited. 
The colonies near the surface 
become colored red. 

Agar. — Glazed colonies, at 
first colorless, then rose-col- 
ored, about the size of a pea, 
with the central part umbili- 
cated and pale. Gradually the 
rose color fades. 

Acid Potato. — A slow and 
meager growth. 

Pathogenesis. — Only local re- 
action has been caused by in- 
oculation in animals. In man 
the disease usually follows a 
slight injury and attacks the leg 
or foot, slowly forming a nodu- 
lar growth, which in the course 
of months or a year begins to 
soften and ulcerate, and with 
the sero-pus are discharged 
numerous little granules, some 
black, some pink, containing 
mycelia. The limb becomes 
much deformed, the tissue 




streptothrix Madurae iu a section of dis- 
eased tissue( Vincent). 



vascularized, and the degenerated area filled with the strep- 
tothrix filaments. 

Staining.— The organism itself stained with ordinary stains. 
Gram's method for the tissue. 

Streptothrix Farcinica. (Nocard.) Bomne Farcy, Farcin du 
Bcsuf, 
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Griffin. — A disease affecting cattle and giving rise to tubercle^ 
like lesions in the lungs, liver, and spleen. Common in France. 

Form, — Small interwoven mass of threads arranged in tuft^ 
found in the centers of the tubercles. 

Culture. — At body-temperature in various media. 

Bouillon. — Colorless masses irregular in size and shape. 

Agar and Ge/orfme.— Small, rounded, opaque colonies, thickei 
at the periphery. 

Potato. — Rapid growth of pale yellow dry scales, consisting of 
many spores. 

Pathogenesis. — Pure cultures introduced into the peritoneum 
of guinea-pigs give rise in 9 to 20 days to tubercle-like lesions. 
Subcutaneous injections cause abscesses with secondary in- 
volvement of the lymphatics, ending in recovery. Dogs, 
horses, and rabbits are immune. 

Staining. — Wright's double stain for tissues ; also Gram's. 

Examination of Air, Soil, and Water. 

Air . — ^Many germs are constantly found in the ataiosphere 
about us. Bacteria unaided do not rise into the air and fly 
about ; they usually become mixed with small particles of dirt 
or dust and are moved with the wind. The more dust the more 
bacteria, and therefore the air in summer contains a greater 
number than the air in winter, and all the other differences can 
be attributed to the greater or less quantity of dust and wind. 

Methods of Examination. The simplest method is to ex- 
pose a glass or dish covered with gelatine in a dust-laden 
atmosphere or in the place to be examined. In the course of 
24 to 48 hours colonies will be seen formed wherever a germ has 
fallen. But this method will not give any accurate results in 
regard to the number of bacteria in a given space ; for such a 
purpose somewhat more complicated methods are needed, so 
that a certain amount of air can come in contact with the 
culture media at a certain regulated rate of speed. 

Hesse's Method. This is the most useful of the various 
methods in vogue. 

A glass cylinder, 70 centimetres long and 3.5 centimetres in 
diameter, is covered at one end, by two rubber caps, the inner 
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one having a hole in its centre 10 millimetres in diameter ; and 
at the end B a rubber cork fits in the cylinder ; through this 
cork a glass tube 10 mm. in diameter passes, which is plugged 
at both ends with cotton. The cylinder and fittings are first 
washed in alcohol and subUmate and then placed for one hour 
in the steam chamber. 

Removing the cork of the cylinder, 50 cubic centimetres of 
sterile gelatine in a fluid condition are introduced and rolled 
out on the sides of the tube, after the manner of Esmarcli, 
leaving a somewhat thicker coating along the under side of the 

Fig. 94. 




cylinder. The ceroscope, as the cylinder and its fittings are 
called, is placed upon an ordinary photographer's tripod and 
the glass tube, which passes through the rubber cork, connected 
with an aspirator^ the cotton having first been removed from its 
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outer end. The aspirator consists of two ordinary wash-bottles 
connected with each other by a rubber tube, C. They are at- 
tached to the tripod with a small hook one above the other, the 
upper one half filled with water and slightly tilted. 

When the apparatus is wanted, the outer rubber 
Fig. 95. cap at the end A of the aeroscope is removed, the 
air can then pass through the small hole in the 
other cap, and the germs fall upon the gelatine in 
the tube, the cotton in the small glass tube at the 
other end preventing the germs from getting out. 
The aspirator is set in use by tilting the upper 
bottle so that the water flows into the lower, this 
creates suction and draws the air through the 
aeroscope. 

The amount entering estimated by the capacity 
of the wash-bottle. The rate at which it enters 
depending upon the rate of the flow of water, 
which can be regulated. 

Hesse advises for rooms and closed spaces 1 to 5 
litres, at tlie rate of 2 minutes a litre, and for open 
spaces, 10 to 20 litres at 4 minutes a Htre. Plate 
cultures can be made from the colonies which de- 
velop in 8 to 10 days in the cylinder. 

Petri's Method. The air pumped or sucked 
through sand filters, and the sand then mixed with 
gelatine. 

Sand is sterilized by heating to redness, and 
while still warm placed in test tubes which are 
Sand filter then plugged. (Sand which has been passed 
through a sieve with meshes 0.25 millimetres wide 
is the kind required.) A glass tube 9 centimetres long is pro- 
vided with two portions of sand each 3 cm. long and J cm. apart, 
little plates of brass gauze keeping the portions in position. 

The tube and its contents now sterilized in hot air oven 'at 
150° C, the ends having first been plugged with cotton. 

One end of the tube is then fitted with a rubber cork through 
which passes a glass tube, which is connected with an aspirator 
(a hand-pump with a known capacity). 
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If a hundred litres of air pass through the tube in fifteen min- 
utes the germs should all be arrested in the first sand filter. 

And when the filters are removed and thoroughly mixed with 
gelatine, each filter for itself, there should be no colonies de- 
veloped from the second filter, i. e., the one nearest the aspirator. 

Sedgwick-Tucker Method. A special form of tube is used, 
called an aerobioscope. It consists of a neck 2.5 cm. in length, 

Fig. 96. 



Sedgwick-Tucker aerobioscope. 

an expanded portion 15 cm. long, and a long narrow tube of 15 
cm. After sterilization the tube is partly filled with granulated 
sugar, which is the filtering material. By means of a vacuum 
gauge and an air-pump, or ordinary aspirating bottles, the vol- 
ume of air passing through the apparatus can be determined. 
After the air has been passed through, the sugar is gently 
shaken from the narrow tube into the expanded portion, and 
20 c c of liquefied gelatine is poured in. The sugar dissolves, 
and the mixture is then rolled on the inner side of the glass 
as an Esmarch tube. This part of the apparatus is divided into 
squares to make the counting of colonies easy. The aerobio- 
scope is very highly recommended. 

Varieties Found in Air, The only pathogenic bacteria found 
with any constancy are the staphylo-coccus aureus and citreus; 
but any bacterium can be, through accident, lifted into the atmo- 
sphere, and in certain places may be always found— the bacillus 
tuberculosis, for example, in rooms where many consumptives 
are living. 

Non-Pathogenic. The micrococci predominate. Sarcina, 
yeasts, and moulds constantly contaminate cultures. 

In the ordinary habitations the average number of germs to 
the litre of air does not exceed five. 

Around water-closets, where one would imagine a great num- 
ber to exist, owing to the undisturbed condition of the air, but 
few will be found. 
12 
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Examination of Water. The bacteriological examination of 
water is to-day of as much importance as the chemical analy- 
sis, and must go hand in hand with it. 

At the start we must say that a water containing thousands 
of germs to the cubic centimeter is far less dangerous than one 
containing but two germs, if one of these two be a typhoid ba- 
cillus. It is not the number that proves dangerous, it is the 
kind. 

If a natural water contains more than 500 germs to the cubic 
centimeter, it were well to examine its source. 

Bacteriology performs the greatest service in testing the devices 
which are intended to render water fit for drinking. 

As a diagnostic aid the examination is of but little use. An 
epidemic of typhoid fever occurs, the water is suspected, an ex- 
amination is undertaken ; but the days of incubation and the 
days passed before the water is analyzed have given the typhoid 
germs, if any had been present, ample time to disappear, since 
in water that contains other bacteria they live a very short time 
only. Again, the water tested one day may be entirely free and 
the next day contain a great number, and before the typhoid 
germ can be proven to be present in that particular water, the 
epidemic may be past. 

Purity of Waters. The purest water we have is the natural 
spring water— water that has slowly filtered its way through 
various layers of gravel and sand and comes finally clear and 
sparkling from the ground. It is without germs ; but let such 
a water stand walled up in cisterns or wells, it becomes as 
surface water, open to all sorts of impurities, and the bacterial 
nature of it changes every moment. 

Artesian or Driven Well. The driven well will secure to a cer- 
tain extent a pure water. It is the only form of well or cistern 
that will insure this, since the water does not become stagnant 
in it ; but it may connect with an outhouse, the soil being very 
loose, allowing the products of germs of refuse water to find their 
way into,the well. If a chemical examination shows increased 
amounts of chloride of sodium, a contamination can be mooted. 

Filtered Water. Dangerous as surface water is, the greater 
quantity used, is such : the inhabitants of larger towns and cities 
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using chiefly the rivers and other large waters which course 
near them for drinking purposes. A purification or filtration 
can in a certain measure render these waters harmless. 

Filtration is often carried on on a large scale in the water- 
works of cities and towns. 

Bacteriological examination is here of great service to deter- 
mine if a water, which has been filtered and may have a very 
clear appearance, and give no harmful chemical reaction, yet 
be entirely free, or nearly so, from germs ; in other words, if 
the filter is a germ filter or not. 

Charcoal Sponge and Asbestos, the materials formerly in use, 
are objectionable because germs readily develop on them and 
clog them, so that they require frequent renewal. In very 
large filters, sand and gravel give the best results ; the number 
of germs in a cubic centimetre is reduced to forty or fifty and 
kept at that number. This is a very pure water for a city water, 
though, as we stated before, not a safe one, for among those 
forty germs very dangerous ones may be found. It is then 
necessary for the users to refilter the water before drinking it, 
through a material which will not allow any germs to pass. 

Fastenr-Chamberland Filter. This very perfect filter^ which 
is now in almost universal use, consists of a piece of polished 
porcelain in the form of a cylinder closed at one end and pointed 
at the other. It is placed in another cylinder of glass or rubber 
and the pointed portion connected with a bottle containing the 
water, or directly with faucet of the water-pipe. The water 
courses through the porcelain very slowly and comes out entirely 
free from germs ; pipe-clay, bisque, infusorial earth, and kaolin 
are also perfect filters. The only disadvantage is the long time 
it takes for the water to pass through. Pressure is used to 
accelerate the passage in the form of an aspirator or air-pump. 

The force of the hydrant water is also sufficient to produce a 
steady, small stream. 

These porcelain cylinders can easily be sterilized and the 
pores washed out. 

All the cylinders or bougies are not germ proof, so that they 
must be tested, and most of them must be cleaned every fourth 
day, or they will allow germs to pass through. 
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Bailing as a means of purifying. When such a filter cannot 
be obtained, the only alternative is to boil all the water to be 
used for drinking ; and this should especially be done in times 
of typhoid and cholera epidemics. 

Methods of Examinatioil. Since the germs rapidly multiply 
in stagnant water, an examination must not be delayed longer 
than an hour after the water has been collected. Every pre- 
caution must be taken in the way of cleanliness to prevent con- 
tamination; sterilized ilasks, pipettes, and plugs must be at 
hand, and the gelatine tubes best inoculated on the spot. If 
this cannot be done, the sample should be packed in ice until 
it arrives at the laboratory. The sample is placed in a steri- 
lized glass flask, and the flask then closed with a sterile cotton 
plug. A sterilized pipette is then dipped into the flask and 
1 c.c. of the water withdrawn and added to a tube of gelatine, 
the gelatine being in a fluid condition. To a second tube, 
} c.c. is added. The tubes are then shaken so as to thor- 
oughly mix the water with the gelatine, and then poured 
upon wide glass plates, one plate for each tube ; the plates are 
then placed in the moist chamber, and in two or three days 
examined. A temperature of 18® to 20° C. is best. Many water- 
bacteria are hindered by higher degrees of heat. If the germs 
are equally divided, there should be one-half the number on 
one plate that there is on the other; thus the J c.c. serves as 
control. 

Water that is very rich in germs requires dilution with ster- 
ilized water 50 to 100 times. Fewer colonies will be found on 
agar than on gelatine even at the same temperature. 

To count the colonies which develop upon the plates, a spe- 
cial apparatus has been designed, known as 

Wolfhngers Apparatus. A glass plate divided into squares, 
each a centimeter large, and some of these subdivided. This 
plate is placed above, the gelatine plate with the colonies, and 
the number in several quadrants taken, a lens being used to 
see the smaller ones. 

The petri saucers can be used instead of plates, and an appa- 
ratus on the Wolf hiigel plan can be obtained to count the colo- 
nies. It is best to count all the colonies on the plate or dish. 
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Agar and bouillon are used in qualitative analyses. A large 
quantity of the water is taken (about 100 c. cm.) and mixed 
with 25 c.c. of bouillon ; the mixture is then placed in an in- 
cubator. The ordinary water-bacteria do not bear the higher 
temperatures very well, and therefore pathogenic organisms — 
as cholera, for instance — ^will be found almost in pure cultures. 

The growth of intestinal bacteria is also favored by glucose- 
bouillon (2 per cent.), and fermentation ensues. If a fermenta- 
tion-tube (Smith's) is used, the gas collects at one end, and the 
bacteria can be further cultivated and studied. 

Varieties Found. The usual kinds found are non-patho- 
genic, but, as is well known, typhoid and cholera are princi- 
pally spread through drinking water, and many other germs 
may find their way into the water. Some of the common 
varieties give rise to fluorescence, or produce pigment. 

Eisenberg gives 100 different varieties as ordinarily found. 
As mentioned before, 2 bacteria to a cubic centimeter, one of 
these typhoid, give more danger to a water than thousands of 
non-pathogenic ones. When, however, more than 200 bacteria 
to the c.c. are found, such a water ought not to be considered 
potable. Distilled water often forms a good medium for some 
bacteria* 

The Examination of the Soil. The upper layers of the soil 
contain a great many bacteria, but because of the difficulty in 
analyzing the same, the results are neither accurate nor con- 
stant. The principal trouble lies in the mixing of the earth 
with the nutrient medium ; little particles of ground will cling 
to the walls of the tube, or be imbedded in the gelatine, and 
may contain within them myriads of bacteria. As with water, 
the soil must be examined immediately or very soon after it is 
collected, the bacteria rapidly multiplying in it; 

When the deeper layers are to be examined, some precautions 
must be taken to avoid contamination with the other portions oil 
the soil. One method, very laborious and not often practical, u\ 
to dig a hole near the spot to be examined and take the earth 
from the sides of this excavation. 

Frgnkel's Borer. Frankel has devised a small apparatus in 
the form of a borer, which contains near its lower end a small 
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cavity, which can be closed up by turning the handle, or opened 
by turning in the opposite direction. 

It is introduced with the cavity closed, and when it is at the 
desired depth, the handle is turned, the earth enters the cavity, 
the handle again turned, incloses it completely, and the borer is 
then withdrawn. 

The earth can then be mixed with the gelatine in a tube, and 
this gelatine then rolled on the walls of the tube after the man- 
ner of Esmarch, or it can be poured upon a glass plate, and the 
colonies developed so. 

Another method is to wash the earth with sterilized water, 
and the water then mixed with the gelatine, as many of the 
germs are taken up by the water. 

The roll-cultures of Esmarch give the best results, many of 
the varieties usually found being anaerobic. 

Animals inoculated with the soil around Berlin die almost 
always of TrwMgnant (edema, and with that of some other towns 
invariably of tetanus. Many of the germs found are nitrogen 
formers and play a great r61e in the economy of the soil. 

Nitrifying organisms are found in the superficial layers of the 
earth. Organic matters found in sewage and in the faecal evac- 
uations of animals form the basis for their activity, whereby 
nitrates, ammonias, and nitric acid result. The nitrogen neces- 
sary for the growing plant is thus produced. The nitro-monas 
of Winogradsky belongs to this group. 
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BACTERiOLOGIC EXAMINATION OF THE ORGANS AND 
CAVITIES OF THE HUMAN BODY. 

The body, on account of its constant contact with the sur- 
rounding air, is necessarily exposed to infection, and we would 
be likely to find on the skin and in the oral, anal, and nasal 
cavities the varieties of micro-organisms commonly around us. 
Through the water and food the body is also contaminated; 
but some organisms by predilection inhabit the mouth, intes- 
tine, and other cavities, and form there a flora distinctly their 
own. 

The Skin. The majority of micro-organisms met with on the 
skin are non-pathogenic, although underneath the nails and in 
the hair, pus-forming micro-organisms often occur, producing 
sometimes serious abscesses. 

In the sweat-glands and the sebaceous glands various organ- 
isms have been found. 

In foul-smelling perspiration of the feet Rosenbach found 
Saprogenes No. II., which is pathogenic for rabbits. 

Micrococcus cereus albus and flavus, Diplococcus liquefa- 
ciens albus and flavus. Staphylococcus pyogenes aureus, and 
Streptococcus pyogenes are found underneath the nails. 

In eczema, Diplococcus albicans tardus, D. citreus liquefa- 
ciens, D. flavus liquefaciens, and Ascobacillus citreus. 

In colored sweat, Micrococcus hsematodes, Bacillus pyocya- 
neus. 

A diplococcus is found in acute pemphigus. 

The lepra bacillus, the tubercle bacillus in lupus, and the 
typhoid bacillus in the eruption of typhoid fever are a few of 
the specific germs found on the skin. 

The Conjunctiva. The micrococcus of trachoma, the Koch- 
Weeks bacillus, considered to be the specific cause of acute 
catarrhal conjunctivitis, or " pink eye," and the Bacillus xero- 
sis, are special germs found on the conjunctiva; the other va- 
rieties of air- and water-organisms, and those usually present 
on the skin, are also found. 

The Month. The mouth is a favorite seat for the development 
of bacteria. The alkaline saliva, the particles of food left in 
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the teeth, the decayed teeth themselves, all furnish suitable 
soil for their growth. 

Quite a number of germs have been isolated and their prop- 
erties partly studied. Many have some connection with the 
production of caries of the teeth, as Miller has well shown in 
his careful studies. The Leptothrix buccalis, found in nearly 
all mouths, is a long chain or filamentous bacillus which stains 
blue with iodin. It was formerly considered the cause of tartar 
on the teeth. 

The Spirillum sputigenum, Spirochaeta dentium, Micrococcus 
gingivae pyogenes, Bacillus dentalis viridans, B. pulpse pyogenes, 
Microccocus of sputum-septicaemia, and M. salivarus septicus 
are a few of the germs cultivated by Miller and Biondi from 
the mouth. Besides these, the pneumo-bacteria, diphtheria 
bacillus, and tubercle bacillus are often met with, the first two 
in the mouths of healthy persons. 

Ear. In the middle ear of new-born infants no pathogenic 
organisms were found, but quite a number of non-pathogenic 
ones. In affections of the ear the pneumo-bacillus and the 
Staphylococcus pyogenes are most frequent. 

Nasal Cavity. The nasal secretion, containing as it does 
dead cells and being alkaline in reaction, forms a good soil for 
the growth of germs. 

Diplococcus coryzse, Micrococcus nasalis. Bacillus foetidus 
ozaenae, B. striatus albus et flavus, B. capsulatus mucosus, and 
Vibrio nasalis are some of the organisms described by various 
observers. 

Stomach and Intestine. The secretion of the stomach is in 
its normal state not a favorable soil for the development of 
bacteria, yet some germs resist the action of the gastric juice 
and flourish in it. When the acids of the stomach are dimin- 
ished in quantity or absent altogether, the conditions for the 
growth of bacteria are more favorable. 

Shortly after birth micro-organisms are found in the stomach, 
though it is claimed by some that they are absent at birth. 

Some gastric bacteria normally present are Sarcina ventric- 
uli, Bacterium lactis aerogenes, Bacillus subtilis, B. amylo- 
bacter, B. megaterium. 

The intestinal organisms are more numerous, and the mu- 
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cons lining of the intestines and the secretions there present 
are favorable to germ-growth. 

Bacillus geniculatus, Boas considers a sign of carcinoma of 
the stomach, and is always present, he claims, when the con- 
tents contain lactic acid. 

Some investigators consider digestion dependent on microbic 
activity, but experiments with animals have recently shown 
that life and digestion can proceed in a perfectly sterile condi- 
tion. Food and air sterilized will not develop bacteria in the 
faeces. 

In the faeces of the young a great many bacteria have been 
found that are supposed to stand in close relation with the 
intestinal disorders common to nurslings. The majority of 
bacteria usually present in the intestines are non-pathogenic. 
The following varieties may be met with in the feces : Micro- 
coccus aerogenes. Bacillus subtilis, B. butyricus, B. putrificus 
coli, B. lactis aerogenes, B. coli commune, B. subtiliformis, and 
the bacteria of cholera, dysentery, and typhoid, besides many 
yeast-cells. 

Genito-nrinary Passages. In vaginal secretion Bumm has 
been able to find a number of organisms, some of which 
closely resemble the gonococcus ; thus, there is the Diplococ- 
cus subflavus, Micrococcus lacteus faviformis, Diplococcus albi- 
cans amplus, and the vaginal bacillus. 

In the urethra of healthy persons bacteria are sometimes 
found, usually having entered from the air. 

In the normal secretions around the prepuce a bacillus called 
the smegma bacillus has been discovered, and it is considered 
identical with the so-called syphilis bacillus of Lustgarten. 

In urethral pus a number of diplococci other than the gono- 
cocci have been isolated. 

From the urine itself a great number of bacteria have been 
obtained, but mostly derived from the air, finding in the urine 
a suitable soil. A description of uro-bacteria will be found on 
page 87. 

Micro-organisms of the Blood. Many of the bacteria de- 
scribed in the body of this book are found in the blood of the 
animal they infect ; thus, anthrax bacilli are always found in 
the blood, whereas tubercle bacilli seldom, if ever, enter this 
secretion. 

When animals are subcutaneously injected with pneumo- 
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cocci they are found in large quantities in the blood. The 
diseases of a hemorrhagic nature affecting fowls and swine 
usually show the presence of bacteria in the vascular system. 

Method of Examination. — A drop of blood can be spread on 
a cover-glass and stained with the ordinary dyes, as sputum, 
pus, or serum ; but in order to eliminate the coloring matter 
of the red corpuscles and bring the stained bacteria more 
prominently into view, Gunther recommends that the blood, 
after drying and fixing, should be rinsed in a dilute solution 
of acetic acid (1 to 5 per cent.). The hsemoglobin is thereby 
extracted, and the corpuscles appear then only as faint out- 
lines. 

Instead of ** fixing " by heat, Canon employs alcohol for five 
minutes, especially in staining for influenza bacilli, which have 
been detected in the blood. 
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CHIEF CHABACTBRISTI08 

CHIEF CHARACTERISTICS 









PAET L- 


Name. 


Genus. 


Biology. 


Product. 


ACETI. 


Bacillus. 


Short motile rods in 
zoogloea; eerobic. 


Ferment. 


ACIDI LACTICI. 


Bacillus. 


Short, immotile rods; 
aerobic. 




ACIDI LACTICI. 


Bacillus. 


Short, immotile rods. 




ACTINOBACTKR. 


Bacillus. 


Immotile rods with 
capsule; facul. anee- 
rob. 




Aerogenes. 


Bacillus. 


Small motile rods, sin- 
gle and in pairs ; very 
resistant. 




Aerophilus. 


Bacillus. 


Slender rods in threads : 
immotile; oval 
spores; arobic. 




AOILIS. 


Micrococcus. 


Mobile diplococci with 
fine flagella. 


Red pigment. 


Alba. 


Beggiatoa. 


Cocci and spirals with 
sulphur. 




Alba. 


Sarcina. 


Small cocci in packets. 


While pigment. 


Albicans amplus. 


Micrococcus. 


Large cocci and diplo- 
cocci. 




Albicans tardis- 


Micrococcus. 


Diplococci colored by 
Gram. 




IMUS. 






Albicans tardus. 


Micrococcus. 


Diplococci not motile. 




Allii. 


Bacillus. 


Very small rods. 


Alkaloid pigment 


Amyliferum. 


Spirillum. 


Rigid spirilla with 
spores; turns blue 
with iodine. 





OF THE PRINCIPAL BACTKRIA. 

OF THE PRINCIPAL BACTERIA. 

NOX-PATHOGENIC BACTERIA. 
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Culture Characters. 


Actions. 


Habitat. 


Discoverer. 


Not liquefy; meml?ranous 


Produces acetic-acid 


Air. 


Kutzing. 


growth. 


fermentation. 






Not liquefy; small white 


Lactic-acid fermenta- 


Air ; sour milk. 


Pasteur. 


poin ts porcel ai a - like ; 


tion; precipitates 






slow. 


caseine. 






Growth faster than above ; 


Alcohol is formed after 


Sour milk. 


Grotenfeldt. 


appearance same. 


the lactic-acid fer- 
mentation. 








Causes fermentation 


Air. 


Duclaux. 




with gas and alcohol. 






Rapid growth ; round, con- 




Digestive tract. 


Miller. 


centrically-arranged col- 








onies ; not liquefy. 








Liquefy rapidly ; small yel- 





Old cultures. 


Liborius. 


low-gray colonies. 








Slowly liquefying, forming 




Drinking-water. 


Ali Cohens. 


a cone with rose-red color. 












Sulphur springs. 


Vauch. 


Slow growth in small white 
colonies. 




Air and water. 




Slowly liquefy; gray col- 


Is colored by Gram's 


Vaginal secretion. 


Bumm. 


onies; growth fairly 


method. 






rapid. 








Small white points, not 




Urethral pus. 


Bumm. 


liquefying; very slow 
growth. 


. 






Grows slowly on surface, 
the boundary raised; 




Skin in eczema. 


Unna, 






TommasolL 


twice as large as above. 








Brigui green pellicle on 


Decomposes albumin. 


Green slime of 


Griffths. 


agar. 




ouions. 








Water. 


VanTiegham, 
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Name. 



Amylobacteb. 
Aquatilis. 

Arachnoidba. 
Arborbscens. 

Attenuatum. 
aurantiaga. 

aurantiacus. 
aurantiacus. 

AUREA. 

Aureus. 



CHIEF CHARACTERISTICS 

KON-PATHOGENIC 



Balticus. 



BlENSTOCKII. 
BiLLROTHII. 



Brunneus. 
butyrioacid per. 
mentation. 



GennB. 



Bacillus. 
Micrococcus. 

Beggiatoa 
Bacillus. 



Spirillum. 
Sarcina. 



Bacillus. 



Micrococcus. 



Sarcina. 



Biology. 



Bacillus. 



Bacillus. 

Bacillus. 
Micrococcus 
(ascococcus). 

Bacillus. 
Bacillus. 



See StUryciut, with whl 

Very small cocci in ir- 
regular groups. 

Very thick filaments 
containing sulphur; 
motile. 

Thin rods, with round- 
ed ends in threads, 
and singly; immotile. 

Threads with narrow- 
ed ends. 

Small cocci in pairs and 
tetrads ; strongly 
eerobic. 



Motile, short thick 
rods, often in long 
threads. 

Oval cocci in pairs and 
singly ; immotile. 



Cocci in packets. 



Straight motile rods 
lying parallel. 

Short rod. 

See Putrificus, coli. 

Groups of cocci sur- 
rounded with cap- 
sule; zooglcea eerobic. 

Motile rods. 

Large, slender motile 
rods in pairs ; spores ; 
facul. aneerobin. 



Product. 



ch it is identicaL 



Yellow pigment. 



Orange-yellow pigp- 
ment. 



Orange-yellow pig 
ment. 



Orange-yellow pig- 
ment in water, at* 
cohol, and ether; 
insoluble. 

Golden-colored pig- 
ment; soluble in 
alcohol. 

Golden-yellow pig- 
ment. 

Phosphorescence. 



Brown pigment. 
Diastase. 



OF THE PRINCIPAL BACTERIA. 
BACTERIA.— Continued. 



191 



Culture Characters. 


Actions. 


Habitat. 


Discoverer. 


Light-yellow colonies ; ser- 
rated edges. 




Old distilled water. 


Bolton. 






Sulphur water. 


Agardh. 


Colonies, radiating from an 
oval centre like roots; 
later on colored yellow ; 
slowly liquefy. 




London Water- 
works. 


Francland< 






Stagnant water. 


Warming. 


Rapidly liquefy; little 
orange-yellow colonies, 
not growing in high tem- 
perature. 




Air and water. 


Koch. 


Slowly growing; nail cul- 
tures ; shining and 
orange-yellow; not liq- 
uefy. 

Round orange-yellow col- 
onies, mostly on surface; 
slow growth ; not lique- 
fying. 

Liquefy ; bright golden 
layer on potato. 




Water. 


Francland. 




Water. 


Cohn. 




Exudate of pneu- 
monia. 


Mace. 


Slow-growing, chrome-yel- 
low, whetstone in shape ; 
not liquefy. 




Water and skin of 
eczema. 


Adametz and 
Unna. 


Do not liquefy; require 
glucose for growth. 


...'•• 


Baltic Sea. 


Fischer. 


Creamy layer on surface 
of gelatin. 




Putrid broth. 


Cohn. 






Maize. 


Schroter. 


Liquefy rapidly ; gray veil 
on surface of potato. 


Casein ppt. and changed 
into butyric acid ; am- 
monia set free. 


Air. 


Hueppe. 
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CHIEF CHARACTERISTICS 

NONPATHOGENIC 



Name. 



Genus. 



Biology. 



Product. 



BuTYRicuM (amy- 
lobacter). 

CCERULEUS. 



Candicans 

(candidus). 
Carotarum. 



Catenula. 
Caucasjcus. 

Cerasinus siccus. 

Cereus albus. 

Cereus flavus. 

Chlorinus. 

Chlorinus. 

CmNABARBUS. 
CiTREUS. 



CiTREUS. 



CiTREUS CONOLOM- 
ERATUS. 

Claviformis. 



Clostridium. 

Bacillus. 

Micrococcus. 
Bacillus. 

Bacillus. 
Bacillus. 

Micrococcus. 

Micrococcus. 

Micrococcus. 

Bacillus. 

Micrococcus. 

Micrococcus. 
Bacillus (asco.). 

Micrococcus. 

Micrococcus. 

Bacillus 
(Tyrothrix). 



Thick motile rods en- 
larging for the spores; 
obligat. aerobic. 

Rods in loug chains. 



Masses of cocci. 

Threads of rods that 
bend in various di- 
rections ; oval spores. 

Motile rods with spores. 

Motile rods, with spores 
in each end. 

Very small cocci, singly 
and in pairs ; serob. 

Cocci in short chains 
and bunches, colored 
by Gram. 

Straphylo. and strepto., 
and in zoogloBa, col- 
ored by Gram. 

Large rods, motile, 
green-colored, due to 
chlorophyll; aerobic. 

Cocci in zooglcea. 



Lar^e oval cocci in 

pairs; arobic. 
Straight and bent rods 

in bundles ; motile. 



Large round cocci in 

chains of eight and 

more. 
Diplococci and tetrads ; 

aerobic. 
Small rods; spores; true 

anserobin. 



Amyloid substance. 



Blue pigment, not 
soluble in water, 
alcohol, or acid. 



Cherry-red 
ment. 



pig- 



Green pigment, sol- 
uble in alcohol. 

Green pigment, sol- 
uble in alcohol 
and water. 

Brown - red pig- 
ment ; foul odor. 

Citron yellow pig- 
ment. 



Cream-colored pig- 
ment 



OF THE PRINCIPAL BACTERIA. 
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BACTERIA.— Continued. 



Culture Characters. 


1 
Actions. 

1 


Habitat. 


Discoverer. 


Not cultivated. 


Forms butyric acid in 


Air, earth, and wa- 


Prazmowski 




presence of lactic 


ter. 


and Van 




acid. 






Liquefy ; a deep-blue layer 




Water. 


Smith. 


on potato. 








Not liquefy ; nail-shaped in 




Air around old cul- 


FlOgge. 


test-tube. 




tures. 




Rapidly liquefy on surface, 




Cooked carrots and 


A. Koch. 


a network centre on po- 




beets. 




tato; round, light gray; 








grow rapidly. 










Causes albumin to fer- 


Old cheese. 


Duclaux. 




ment. 








Ferments milk, pro- 


Kefyr; grain. 


Kern. 




ducing the kefyr 








drink. 






On potato; rapidly-form- 





Water 


List. 


ing cherry-red scum, not 
developed on gelatin. 














Not liquefy; small wax- 
like drops; thick grav 
layer on potato ; growth 




Pus. 


Passet. 














rapid. 








Not liquefy; dark-yellow 
colonies; wax-like ap- 




Pus. 


Passet. 


pearance. 








Liquefy ; greenish-yellow 




Water. 


Engelman. 


colonies. 








Yellow-green layer on gel- 
atin. 




Boiled eggs. 


Cohn. 


Not liquefy; slow growth; 
bright-red points. 




Air and water. 


Flfigge. 








Slow growth; after two 




Skin in eczema. 


Unna and 


weeks small yellow points 






TommasolL 


which take various shapes 








on potato; citron-yellow 








layer ; growth more 








rapid. 








Dirty cream-colored col- 




Water. 


List 


onies, which are raised 








and moist. 








Lemon-yellow colonies. 




Dust and blenor- 
rhagic pus. 


Bumm. 




Ferments milk, giving 


Fermenting albu- 


Duclaux. 




rise to alcohol. 


min. 
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CHIEF CHARACTERISTICS 

NON-PATHOGEl^C 



Name. 


Genus. 


Biology. 


Product. 


CONCKNTKICUM. 


Spirillum. 


Thick motile spirals 
with flagella; aerobic. 




CORONATUS. 


Micrococcus. 


Cocci singly and strepto- 
cocci; aerobic. 




CORYZJE. 


Micrococcus. 


Large diplococci with 
rounded ends, the 














eontact surfaces flat. 




Crepesculum. 


Micrococcus. 


Round and oval cocci, 
singly and in zoogloea. 




Cyaneus. 


Micrococcus. 


Oval cells. 


Blue pigment. 


Cyanogenus (blue 


Bacillus. 


Motile rods in chains ; 


Alkali and a pig- 


milk). 




spores; serobic. 


ment deepened 
by acids. 


DiCHOTOMA. 


Cladothrix. 


Various forms— rods, 
spirals, and cocci, in 
long threads. 




DiFFLUENS. 


Micrococcus. 


Oval cocci ; serobic. 


Fluorescent pig- 
ment, soluble in 
water. 


DiSTORTUS. 


Bacillus 


Motile rods; spores; 


Alkali. 




(Tyrothrix). 


aerobic. 




Dysodes. 


Bacillus. 


Long and short rods; 


An odor resembling 
peppermint and 






spores. 








turpentine. 


Endofaragogicum. 


Spirillum. 


Dry motile spirals, join- 
ed in peculiar shapes. 




Erythrosporus. 


Bacillus. 


Motile rods and 


Greenish - yellow 






threads; spores, slen- 
der. 


pigment. 


FiGURANS 


Bacillus. 


Large motile rods ; 




(mycoides). 




spores ; long threads ; 
aerobic. 




FiLIFORMIS. 


Bacillus 


Short motile rods ; 






(Tyrothrix). 


spores in one end. 




FiSCHBRI. 


Bacillus. 




Phosphorescence. 


FiTZIANUB. 


Bacillus. 


Short rods in threads; 
spores as large as the 
rods. 
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Culture Characters. 


Actions. 


Habitat. 


Discoverer. 


Not liquefying ; concentri- 




Putrefying blood. 


Kitasato. 


cally-disposed colonies; 








very slow growth; not 








growing on potato. 








A halo formed around the 




Air. 


Flugge. 


colonies. 








White, raised glassy col- 
onies, at first like pneu- 


No pathogenic action. 


Acute coryzal se- 


Hajek. 




cretion. 




niococci, later culture 








flattened ; not liquefying. 













Putrefying infu- 


Cohn. 






sions. 




Bluish-green colonies. 




Cooked potatoes. 


Cohn. 


Kot liquefying ; small white 


Changes milk to deep- 


Air of certain coun- 


Fuchs. 


colonies. 


blue color. 


tries. 




Cultivated in infusion of 




Water. 


Cohn. 


plants. 








Do not liquefy ; small gran- 




Air. 


Schroter. 


ular, yellow, colonies ; 








green fluorescence. 










Milk made viscid and 


Air. 


Duclaux. 




casein precipitated. 










Bread and yeast. 


Zopf. 






Trunk of worm- 


Sorokin. 






eaten tree. 




Does not liquefy; green 





Air and putrefying 


Cohn. 


fluorescence; white col- 




substances. 




onies. 


• 






Liquefying ; root-like pro- 




Garden-earth. 


Flugge. 


cesses extending in the 








gelatin ; feather form in 








test-tube. 










Causes casein to be pre- 




Duclaux. 




cipitated from milk. 






Kot liquefying; requires 
peptone for growth. 







Beyerinck. 


Transparent on surface ; 


Produces ethylic alco- 


Unboiled hay-infu- 


Zopt 


dark centre in the deep ; | hoi in meat extract. 


Bion. 




not liquefying. 


1 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Name. 



Genus. 



Biology. 



Product. 



Flava. 
Flavus. 

Flavus desidens. 

Flavus liquefa- 

CIENS. 

Flavus tabdi- 
gradus. 

FlUORESCENS F(K- 
TIDUS. 



Fluorkscens 
liquefaciens. 

FLUORESCENS NIVA- 
LIS. 



FLUORESCENS PU- 
TRIDUS. 



FOERSTERI. 
F(ETIDUM. 



F(ETIDUS. 

FUSCESCENS. 

FULVUS. 

fuscus limbatus. 

fusiforme. 
Geniculatus. 

GiGANTEUS URE- 
THBiE. 



Sarcina. 
Bacillus. 

Streptococcus. 

Micrococcus. 

Micrococcus. 

Micrococcus. 

Bacillus. 
Bacillus. 

Bacillus. 

Cladothrix. 
Clostridium. 



Micrococcus. 
Sarcina. 
Micrococcus. 
Bacillus. 

Bacillus. 

Bacillus 

(Tyrothrix). 
Micrococcus. 



Small cocci in packets. 
Small rods ; immotile. 

Cocci and diplococci in 
chains; ierobic. 

Cocci and diplococci in 
zooglcea. 

Cocci in short chains, 
and diplococci. 

Small diplococci. 



Short motile rods ; very 

thin. 
Short rods ; motile. 



Motile rods ; short,with 
rounded ends. 



Threads twisted in 
spirals; very irreg- 
ular. 

Rods of varying length ; 
very motile; a large 
spore in one end; 
anserobic. 

See Qrepesculum^ with 



Round cocci. 

Short rods; very mo- 
tile ; facultatively 
anserobic. 

Spindle-shaped, with 
pointed ends. 

Rods variable length; 
spores. 

Streptococci in thick 
knots. 



Pigment. 
Pigment. 

Yellow-brown pig- 
ment. 
Pigment. 

Chrome-yellow pig- 
ment. 

Blue-green pig- 
ment : acids turn 
red. 



Green fluorescent 

pigment. 
Blue-green pig' 

ment. 



Green fluorescent 
pigment. 



Strong gas-produc- 
tion; very foul 
odor. 



which it is identi 



Brown pigment. 



A bitter substance. 
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BACTERIA.— Continued. 



Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Liquefying. 

Liquefying; yellow viscid 
colonies ; foul odor. 

Yellow porcelain-white col- 
onies. 

Liquefying rapidly; yellow 
colonies. 

Softens gelatin ; yellow 
beads, isolated. 

Little button-like colonies 
that later on sink in, sur- 
rounded by violet-green 
color; liquefying; growth 
rapid. 

Liquefying ; white, sunken, 
iridescent colonies. 

(Quickly liquefying; growth 
rapid; small white points; 
later on, surrounaed by 
blue-green fluorescence. 

Not liquefying; transparent 
at first, then green flu- 
orescence and urinary 
odor. 



Liquefying ; growth rapid ; 
small colonies that soon 
become filled up with 
fluid and assume a spher- 
ical form. 

cal. 

Conical rusty-red colonies. 

Small brown colonies, 
along needle-track little 
branches ; not liquefy. 



No growth on gelatin ; on 
agar, thin drops; nearly 
transparent; very slow 
growth; in bouillon, a 
flaky precipitate. 



Colors the glacial wa- 
ters green. 



Vomited matter. ] 
Drinking-water. Mace. 



Air and old cul- 
tures; water. 

Air and old cul- 
tures; water. 

Air. 

Post-nasal space. 



Water and air ; con- 

unctival sac. 
In snow and ice of 
Norway. 



All putrefactions. 



Lachrymal canal. 



Old cheese and se- 
rum of mice in- 
oculated with 
garden-earth. 



Excrement of horse. 
In foul eggs. 



Spongy layer on 

sea-water. 
Air and milk. 

Normal urine and 
urethra. 



Flugge. 
Flugge. 
Flugge. 
Elamann. 

Flagge. 
Schmolck. 

Flugge. 

Cohn. 
Liborius. 



Cohn. 
Scheiben- 
zuber. 

Warning. 

Duclaux. 

Lustgarten. 
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CHIEF CHARACTERISTICS 

NON-PATHOGENIC 



Name. 


Genus. 


Biology. 


Product. 


Graveolens. 


Bacillus. 


Small rods, nearly as 
broad as they are 
long. 


Foul gas. 


HiEMATODES. 


Micrococcus. 


Cocci in little zoogloea. 


Red pigment. 


Hansknii. 


Bacillus. 


Medium large rods. 


^SubFr'"*' 








Hyacinthi. 


Bacillus. 


Short rods in dumb- 
bell shapes. 




Hyalina. 


Sarcina. 


Round cocci in groups 
of 4 to 24. 




Ianthinus. 


Bacillus. 


See Bacillus violaceus. 




Indicus. 


Bacillus. 


Short motile rods; no 


Scarlet pigment al- 
tered by heat. 






spores ; anaerobin 
facul. 


Intestinalis. 


Sarcina. 


Very regular packets 
of cocci, eight in each. 










Jkquirity. 


Bacillus. 


Medium-sized rods ; 


Ferment called 






spores. 


abrin. 


KtHNIANA. 


Crenothrix. 


Long threads, breaking 
up into cocci. They 
are ensheathed. 




Lacteus pavifor- 


Micrococcus. 


Diplococci; not decol- 




MIS. 




orized by Gram. 




Lactis erythrog- 


Bacillus. 


Short immotile rods; 


Yellow pigment 


ENES. 




round ends. 


and red pigment. 


Leptomitiformis. 


Beggiatoa. 


Filaments medium 
size. 




Leucomel^num. 


Spirillum. 


Two or three spirals; 
dark granular con- 
tents; clear spaces 
between. 




Ltneola. 


Bacillus. 


Short motile rods in 
zoog1a'a,with flagella. 




LlODERHOS. 


Bacillus. 


Short motile rods; 
rounded ends. 
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Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Liquefying ; irregulaf gray- 
ish, later greenish, colo- 
nies, with very foul odor. 

Grows best on white of 
egg at 37° C. ; red layer. 

On potato, a yellow growth 
which changes with age. 



Liquefying; oval colonies; 
scarlet-colored. 



Coloniesbrick-colored from 
oxide of iron. 

Not liquefying; white col- 
onies; grow well on po- 
tato. 

Small, round yellow dots, 
later on cup-shaped, with 
rose-colored periphery ; 
liquefying. 



Slimy layer on potatoes. 

Liquefying ; transparent, 
then thick layer on po- 
tato; like gum. 



Ferment causes oph- 
thalmia. 



Skin between toes. 



Sweat of man. 

Yellow skin of 
nutrient infu- 
sions. 

Slime of diseased 

hyacinth-bulbs. 
Marshes. 



Intestine of mon- 
key. 

Intestine of fowls. 

Infusion of jequir- 

ity bean. 
Drinking-water of 

wells. 

Mucus of vagina 
and uterus. 

In red milk and 
feeces. 



Sulphur waters. 

Water over rotting 
plants. 



Stagnant water. 
Air and potatoes. 



Bordoni- 
UfiVeduzzi. 

Zopf. 

Rasmussen. 

Wakker. 
KQtzing. 

Koch. 

Zopf. 

Battler. 

Rabenhorst. 

Bumm. 



Hueppe and 
Grotenfeldt. 



Tr6visan. 
Perty. 

Mailler. 
FlOgge. 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIO 



Name. 



Genus. 



Biology. 



Product. 



LiTORALIS. 

LiTOREUS. 
LiVIDUS. 

LUTKA. 

LUTEUS. 
LUTEUS. 
LUTEUS. 

Maidis. 



Marsh. 
Megaterium. 

Mblanosporus. 



Merismo-pedi- 
oides. 



Mesentericus fus- 
cus (potato). 

Mesentericus vul 
GATUS (potato). 



Merismopedia. 

Bacillus. 

Bacillus. 

Sarcina. 

Bacillus. 

Micrococcus. 

Micrococcus. 

Bacillus. 

Spirillum. 
Baoillus. 

Bacillus. 
Bacillus. 

Bacillus. 
Bacillus. 



Cocci in groups of fours, 
containing sulphur. 

Oval rods, never in 
chains or zoogloea. 

Medium-sized rods ; 
motile. 



Cocci singly and in 
fours. 



Short imraotile rods, 
with large oval spores. 



Oval cocci. 



Diplococci very motile. 



Rods with pointed 
ends ; very motile ; 
seldom in threads; 
oval spores. 

See PlicatUe. 

Large motile rods; 
spores; serobic. 

Rods; serobic. 



Threads of rods which 
are formed from 
cocci-like spores ; 
zoogla3a in packets. 

Small motile rods with 
spores. 

Thick motile rods in 
threads; spores. 



Deep blue-black 
pigment. 



Pigment 
yellow. 



Pi| 



citron- 



ent; soluble 
water ; acids 
intensify. 
Pigment, not acted 
upon by acid or 
alkali. 
Yellow pigment, 
turning browu- 
red. 



Black pigment, not 
acted upon by 
acids or alkalies. 



Diastase. 
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Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Ink-spot at first, slowly 
liquefying; blue-violet 
colored later on ; slow 
growth. 

Not liquefying; little eleva- 
tions ; citron-yellow cen- 
tre ; yellow layer on po- 
tato. 

Not liquefying; irregular 
in form; golden-yellow 
colored. 

Do not liqjiefying; small 
citron-yellow colonies on 
potato. 

Round, light-yellow col- 
onies, growing larger in 
a few days ; on potato a 
slimy covering with 
mouldy odor ; slowly liq- 
uefying. 

Gray points in deep, veil- 
like on surface; liquefy- 
ing ; on potato, a wrink- 
led skin of brownish 
color. 



Yellow irregular masses; 
thick layer on potato. 

First gray, then black, pel- 
licle. 



Liquefying ; white colo- 
nies, rav-like periphery ; 
brown layer on potato. 

Yellow colonies, dark cen- 
tre, ciliary processes at 
periphery; brown I'.yer 
on potato, penetrating 
the substance. 



In solutions of sugar 
an aldehyde pro- 
duced. 



Coagulates milk and 
forms diastase out of 
starch. 



Sea-water. 


Oersted and 
Rabenhorst. 


Sea-water. 


Warming. 


Berlin Water- 
works. 


Plogge and 
Proskauer. 


Air. 


Schroter. 


Air. 


Flfigge. 


Air. 


Schroter. 


Water. 


Adametz. 



In maize and in 
pellegra; fteces. 



Cooked cabbage. 
Air and potatoes. 

Stagnant water. 
Potato. 



Air and old pota- 
toes. 



Paltauf and 
Heider. 



De Bary. 
Eidam. 



Zopf. 

Flugge. 
Flugge. 
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CHIEF CHARACTERISTICS 

NON-PATHOGENIC 



Name. 


Genus. 


Biology. 


Product. 


Mesenteroides. 


Leuconostoc. 


Masses of cart ilaginous 
zoogloea, composed of 
rods and cocci; ar- 
throspores. 




Miller's. 


Bacillus. 


Delicate rods, slightly 
curved; ini motile. 




MiNUTA. 


Sarcina. 


Cube-shaped packets. 




MiRABILIS. 


Beggiatoa. 


Very wide threads, 
rounded ends and 
curled; sulphur gran- 
ules. 




MULTIPEDICULOSU.S. 


Bacillus. 


Long, slender rods. 




MULTISEPTATA. 


Phragmidio- 
thrix. 


Long threads, contain- 
ing cocci which are 
not free; they have 
no sulphur, and are 
not enclosed in a 
sheath. 




Nasalis. 


Micrococcus. 


Diplococci, motile ; also 
streptococci. 




Navigula. 


Bacillus. 


Spindle-shaped rods. 


Amyloid material. 


NiTRIFICANS. 


Micrococcus. 


Small cocci. 


Forms saltpetre. 


Nivea. 


Beggiatoa. 


Very thin filaments. 




NODOSUS PARVUS. 


Bacillus. 


Rods formed at angles ; 
immotile. 




Oblongus. 


Micrococcus. 


Motile cocci, singly and 
in filaments ; aerobic. 




Ochroleucus. 


Micrococcus. 


Cocci in pairs and pack- 
ets; spores. 


Yellow pigment. 


Paludosa. 


Sarcina. 


Spherical, transparent, 
colorless coccL 
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Culture Characters. 


Actions. 


Habitat. 


Discoverer. 




Converts molasses into 
a gelatinous mass. 


Beet-root juice. 


Cienkowski. 


Lriouefies ; not growing on 
the surface. 




Caries of teeth. 


Miller. 


Grows slowly; reacts to 
iodine, turning blue. 




Sour milk. 
Sea-water. 


De Bary. 
Cohn. 


Insect-shaped colonies. 




Potatoes. 
Sea-water. 


Flugge 


Grayish points, raised, 
opaque; rapid growth; 
not liquefying. 




Nasal space and se- 
cretion. 

Potatoes. 


Hack. 

Reinke and 
Berthold. 






Soil. 


VanTiegham 


White flakes. 




Sulphur waters. 


Rabenhorst. 


Slow growth at 37° C. ; in 
agar a white line, which 
in the centre becomes 
porous. 




Urethral secretion. 


Lustgarten. 


Grows best in cultures to 
which glucose and am- 
nion, tartrate have been 
added. 


Causes gluconic fer- 
mentation. 


Beer. 


Boutroux. 


Liquefying; slow growth; 
thin yellow membrane; 
sulphurous odor. 




Urine. 

Water from sugar- 
liactory. 


Prove. 
Schroter. 
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CHIEF OHABAGTERISTIGS 

NON-PATHOGENIC 



Name. 



Genus. 



Biology. 



Product. 



Pasteurianus. 



PflCgeri. 
Phosphorescens 

GELIDUS. 

Phosphorescens 

INDICUS. 

Phosphorescens, 
North Sea. 

Photometrtcus. 

Plicatile. 
polymyxa. 
Prodigiosus. 

Proteus mirabilis. 



Proteus vul- 
garis. 
Proteus Zenkeri. 

Pseu DO -diphthe- 
ria. 



PUTRIFICUS COLI. 



Pyogenes tenuis. 
Radiatus. 



Badiatus. 



Bacillus. 

Bacillus. 
Bacillus. 
Bacillus. 
Bacillus. 

Bacillus. 

Spirillum. 

Clostridium. 

Bacillus. 

Bacillus. 

Bacillus. 
Bacillus. 
Bacillus. 



Bacillus. 



Micrococcus. 
Bacillus. 



Streptococcus. 



Differs from bacil. aceti 
in that the cells con- 
tain an amyloid mat- 
ter. 

Short rods in threads. 

Motile ; round, short 

rods; arobic. 
Large motile rods. 

Motile rods. 



Motile, red-colored 
rods. 

Lon^ motile, thin 
spirals ; round ends. 

Motile rods in threads 
with spores. 

Short motile rods ; 
serobic. 

Very motile, short rods; 
aerobic. 

Rods sometimescurved, 

as spirillum. 
Motile rods. 

Small rods, similar to 
the true bacillus; im- 
motiler 



Slender motile rods ; 
long threads ; spores. 



Motile rods with round- 
ed ends; anaerobic; 
oval spores. 



Small cocci in chains. 



Phosphorescence. 
Phosphorescence. 
Phosphorescence. 
Phosphorescence. 



Sulphur and red 
-ignient cimsed 
y light. 



gy' 



Amyloid, colored 
blue by iodine. 

Red pigment, sol- 
uble in alcohol 
trimethylamine. 



Strong • smelling 
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Culture Characters. 


Actions. 


Habitat. 


Discoverer. 




, 


Heavy beers. 


Hansen. 


Not liquerg; requires glu- 
cose ; grows well on potato. 




Putrid meat and 
fish. 


Ludwig. 


Not liquefying ; grows best 
with glucose and salt. 




Salt fish. 


Forster. 


Liquefying ; grows best at 




Tropical seas. 


Fischer. 


Liquefying; colonies look 
as if punched out ; grows 
best at 15° C. 




Water around Kiel. 


Fischer. 


Movements depend upon 
light. 






Engelman. 






Stagnant water. 


Ehrenberg. 


Thick skin on potato. 


Causes fermentation in 
dextrin solutions. 




Prazraowski. 


Little re<l colonies; lique- 
fying rapidly ; especially 
abundant on potatoes. 




Bread and pota- 
toes. 


Ehrenberg. 


Liquefying slowly; opaque 
centre, irregular pi:o- 
cesses. 




Putrefaction. 


Hauser. 


Liquefying quickly. 




Putrefaction. 


Hauser. 


Not liquefying; thick white 
layer on potato. 




Putrefaction. 


Hauser. 


Grows at ordinary tem- 
perature, rapidly form- 
ing on surface a brown- 
ish growth ; pin-head 
colonies raised above sur- 
face; not liquefying. 


Not virulent. 


In diphtheritic 
membrane and 
normal pharynx. 


Wellenhof. 




Decomposes albumen. 


Human faeces. 


Bienstock. 


On agar, a glassy growth. 




Closed abscesses. 


Rosenbach. 


Liquefying ; growth rapid ; 
colonies like moulds, 
from centre radiating 
in all directions and 
through the gelatin ; the 
air must be excluded. 


Not pathogenic. 


In serum of white 
mice inoculated 
with earth. 


Luderitz. 


Liquefying; white colonies 
with greenish tinge ; fun- 
nel-shaped in test-tube. 




Air. 


FlUgge. 
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CHIEF CHARACTERISTICS 

NON-PATHOGENIC 



Name. 


Genus. 


Biology. 


Product 


Kamosus liquefa- 


Bacillus. 


Motile rods. 




CIENS. 








Beitenbachii. 


Merismopedia. 


Cocci in packets or 
plates ; colorless cell- 
wall containing chlo- 
rophyll. 




ROSACEUS. 


Micrococcus. 


Large cocci in pairs and 
tetrads. 


Red pigment. 


Rosea. 


Sarcina. 


Spherical cocci in cubi- 
cal packets. 




Rosea perseina. 


Beggiatoa. 


Long rods with cocci- 


Pigment called bac- 






shaped bodies in 


terio-purpuriu. 






them, containing sul- 








phur and a red pig- 








ment. 




ROSEUM. 


Spirillum. 


Very short curved rods ; 


PigmeHt soluble in 






motile and spores. 


alcohol. 


Ruber. 


Bacillus. 


Motile rods in groups. 


Brick-red pigment. 


RUBUDH. 


Spirillum. 


Motile; short spirilla; 
aerobic. 


Pale-rose pigment 


RUFUM. 


Spirillum. 


Long motile spirals. 


Red-rose pigment. 


RUGULA. 


Spirillum 


Motile rods, in long 






(vibrio). 


spirals, singly and in 
chains, with flagella 














and spores ; anserobic. 




Saproqenes. 


Bacillus. 


Large rods, terminal 
spores; facultatively 
anterobic. 




SCABER. 


Bacillus 


Short motile rods In 


Tyrosin and leucin 




(Tyrothrix). 


chains; spores; serobic. 


are formed. 


Scheurlen's. 


Bacillus. 


Short motile rods; 
spores. 




Septicus. 


Bacillus. 


Non-motile rods in 
threads and spores; 
anajrobic. 




Serpens. 


Spirillum. 


Lonjr, lively threads, 
with three windings. 
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Culture Characters. 


Actions. 


Liquefying ; concentrical 
colonies ; funnel-shaped 
in test-tube. 




Not liquefying; small red 
knobs, with ftecal odor. 




Not liquefying; thick vio- 
let colonies ; deep red on 
potato. 




Not liquefying ; grows slow- 
ly ; pale-rose colonies. 




Liquefying rapidly ; round 
yellow dots with zone; 
faecal odor. 


Causes cellulose to fer- 
ment. 


Grows slowly ; foul odor. 




Growth best at 39° C; 
slowly liquefying on po- 
tato ; a yellow, wrinkled 
skin, underneath which 
a red color. 





Habitat. 



Air. 



Air. 

Marshes. 

Marshes. 

Blennorrhagic pus. 

Boiled rice. 
Dead mice. 

Stagnant water. 

Vegetable infu- 
sions and tartar 
of teeth. 

Putrefaction. 



In carcinomatous 
and normal mam- 
ma. 



PutrXd blood. 



Stagnant water. 



Discoverer. 



Flugge. 
Caspary. 

FlQgge. 

Schroter. 

Zopf. 

Mace. 

Frank. 
Esmarch. 

Perty. 
Miiller. 

Rosenbach. 

Duclaux. 
Scheurlen. 

Klein. 
Mailer. 
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CHIEF CHARACTERISTICS 

NON-PATHOGENIC 



Name. 



Genus. 



Biology. 



rroduct. 



81MILIS. Bacillus. 

Spinosus. Bacillus. 

SuBFLAvus. Micrococcus. 

SuBTiLiPORMis. Bacillus. 



SuBTiLis (hay ba- Bacillus. 

cillus). 



Syncyaneds. Bacillus. 

Synxanthus (yel- 1 Bacillus. 

low milk). 



Tenue. 

Tenuis. 

Termo. 

Tremulus. 
tumescens. 

TURG1DU.S. 

Ulna. 

Undula. 
Vrkm. 

Uriit^. 



Spirillum. 

Bacillus 
(Tyrothrix). 

Bacillus. 



Bacillus. 



Bacillus. 

Bacillus 
(Tyrothrix). 

Bacillus. 



Spirillum. 
Bacillus. 

Sarcina. 



Immotile rods; trans- 
parent spores. 

Large motile rods ; 
spores; true ansero- 
bin. 

Diplococci colored by 
Gram's fluid. 

Immotile rods in 
threads ; transparent 
spores. 

Large motile rods, three 
times longer than 
broad, in threads, 
-with flagella and 
spores; aerobic. 

Same as Cyanogenus. 

Short, thin motile rods. 



Large motile spirals 

with flagella. 
Motile rods in long 

chains; spores. 

Short motile, cocci-like 
rods in zoogloea. 



Motile rods with flagel- 
la and large round 
spores. 

Short rods with spores. 

Short immotile rods in 

long chains ; spores ; 

£Erobic. 
Very large rods in 

chains and singly ; 

not very motile; large 

spores. 
Long motile spirals. 

with flagella. 
Short rods ; spores ; 

serobic. 

Small cocci in families. 



Yellow pigment, 
soluble in water ; 
similar to aniline 
colors. 



Carbonate of am- 
monium. 



Ferment, propyla 
mine. 
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Culture Characters. 



Actions. 



Habitat. 



Diaooverer. 



Grows rapidly. 

Liquefying; spiny periph- 
ery ; foul odor due to 
methy Imercapt in. 

Liquefying ; yellow dots. 



Grows best at 37° C. 



Liquefying; gray centre, 
wreath-like border ; thick 
layer on potato. 



In boiled milk a yellow 
pigment is formed. 



Liquefying; opaque cen- 
tre, yellow layer next, 
and the periphery lobed ; 
funnel-shaped in test- 
tube. 



On boiled carrots a wrin- 
kled gelatinous disk. 

A pellicle formed on sur- 
face of milk; a heavy 
precipitate beneath. 

On boHed egg little zoog- 
loea. 



Resembling a globule of 
fat; grows well in mu- 
cous urine. 



Albuminous decompo- 
sition. 



Precipitates casein ; 
forms a pellicle on 
milk. 



Splits urea into am- 
monii carbonas. 



Human faeces. 
Garden-earth. 



Vaginal secretion 
and lochial dis- 
charges. 

Human faeces. 



Soil and dust, hay, 
etc. 



Boiled milk and 
potatoes. 

Stagnant water. 

Fermenting cheese 
and milk. 

Connected with 
putrefaction of 
plants. 



Putrefying plants. 



Boiled carrots. 

Fermenting milk 
and cheese. 

Putrefying water 
and boiled eggs. 



Vegetable infusions. 
Stale urine. 

Bladder. 



Bienatock. 
LCderitz. 

Bumm. 

Bienstock. 

Ehrenberg. 



Ehrenberg. 

Ehrenberg. 
Duclaux. 

Dujardin. 



Zopf. 
Duclaux. 

Cohn. 

Muller. 
Miquel. 

Welcker. 



14 



210 



CHIEF CHARACTEKISTICS 

NON-PATHOGENIC 



.Name. 


Genus. 


Biology. 


Product. 


Urocephalus. 


Bacillus 
(Tyrothrix). 


Cylindrical motile rods 
with spores: anaero- 
bic. 




Ventricula. 


Sarcina. 


Cubical packets of 8 to 
64 cocci. 





Ventriculi. 


Bacillus. 


Rods motile, often in 
bundles of four. 




Versicolor. 


Micrococcus. 


Small cocci. 




ViOLACEUS. 


Bacillus. 


Motile rods, round end ; 
spores. 


Violet pigment, sol- 
uble in alcohol. 


VlOLACEUS. 


Bacillus. 


Immotile rods, forming 
large spores. 


Violet pigment, 
like aniline. 


ViRKNS. 


Bacillus. 


Straight rods; spores; 

immotile; green 

tinged. 
Short motile rods with 

flagella very broad. 


Supposed to con- 
tain chlorophyll. 


ViRESCENS. 


Bacillus. 


Deep-green pig- 
ment, turning 
yellow-brown. 


VlROULA. 
ViRIDIS. 

ViSOOSUS. 


Bacillus 

(Tyrothrix). 
Bacillus. 

Bacillus. 


Slender immotile rods; 

spores aerobic. 
Little immotile rods; 

oval spore, which is 

tinged green. 
Motile rods, rounded 

ends, usually in pairs. 


Green pigment. 


VlSOOSUS. 
VlTlCULOSXJS. 


Micrococcus. 
Micrococcus. 


Streptococci of globular 

Oval cocci in large 
groups. 


Gummy substance, 
sailed Tiscosa. and 
ferment. 


VOLUTANS. 
ZOPFII. 


Spirillum. 
Bacillus. 


Long spirals with 

flagella. 
Long motile rods,break- 

ing up into spores 

Uke cocci. 
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Culture Characters. 


Actions. 


Habitat. 


IMscoverer. 






Fermenting milk. 


Duclaux. 


Not liquefying. 




Contents of stom- 
ach 


Goodsir. 


Round colonies with dark 
centre ; slow growth ; not 
liquefying. 

Not liquefying; iridescent 
yellow surface. 


Peptonizes albumen. 


Stomach of dogs 
fed on meat. 

Air. 


Raczynssky. 
Flugge. 


Not liquefying ; centre deep 

violet; color remains on 

agar a long time. 
Liquefying ; transparent 

colonies, surrounded by 

violet zone. 





Water. 

Boiled potato and 
water. 


Zopf. 
Schroter. 






Stagnant water. 


VanTiegham. 


Deep round colonies, the 
vicinity colored green; 
grows on surface; slow 
growth; not liquefying. 




Green sputum. 
Milk. 


Frick. 
Duclaux. 






Water. 


VanTiegham. 


Rapid growth, liquefying; 
small hair-like processes 
from colonies; later on, 
vLscid and in threads, 
with green fluorescence. 


Mucoid fermentation 
in wine and beer. 


Water and earth. 
Beer and wine. 


Francland. 
Pasteur. 


Not liquefying; a fine net- 
work in the colony ; mu- 
coid layer on potato. 




Air. 
Marshes. 


FlQgge. 
Ehrenberg. 


Not liquefying; forms thick 
coils like braided hair. 




Intestinal contents 
of fowls. 


Kurth. 
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CHIEF CHARACTEtllSTICS 



PART n. 



Name. 



Genus. 



Acute Ykllow Micrococcus. 

Atrophy. 
Alyki. Bacillus. 



Amylovorus. 
Anthrax. 



ARTICULORURf 

(diphtheriticus). 



Biskra Boil (Alep- 
po boil). 



BOMBYCIS. 

BuccALisf. 



Cattle Plague 

(Texas fever). 
Caviciija. 



Chauv^.i (symp- 
tomatic anthrax), 
(Rauschbrand). 



Cholera asiaticvE 



Micrococcus. 
Bacillus. 

Micrococcus. 

Micrococcus. 

Micrococcus. 
I^ptothrix. 

Bacillus. 
Bacillus. 

Spirillum. 



Biology. 



Rods with large spores. 



Oval cells, never iu 
chains. 

Straight rods, slightly 
concave ends ; immo- 
tile; aerobic; spores. 



Oval cocci in long 
chains, identical with 
pyogenes. 

Cocci united often in 
large numbers; ira- 
motile ; capsules 

around diploeocci. 

Oval cocci in chains 
and zooglflea ; motile. 

Long threads in thick 
bundles, containing 
masses of cocci and 
spirals. 

See Hcemorrhagic Septi 

Little rods twice as long 
as broad. 

Large rods with a spore 
at one end, assuming 
the Clostridium type ; 
motile ; never in 
threads ; true ansero- 
bin. 

Motile spiral -shaped 
rods, often in chains ; 
very short flagella on 
ends, and strictly 
terobic; spores have 
not been found. 



Forms butyric acid 
Toxalbumin. 



ccemia and Swine 

Propionic acid 
through decom- 
position of sugar. 

Toxalbumin. 



PtomaYne-like mus- 
carine ; and tox- 
albumin, soluble 
in water. 
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PATHOGENIC BACTERIA. 



Culture Characters. 



Liquefying; growths ra- 
diating from centre 
downward; on potato a 
dry yellow layer. 



Liquefying; granular col- 
onies with irregular bor- 
der; on y)Otato a dry, 
creamy layer; in test-tube 
a thorny, prickly track. 

Grows well on gelatin ; pale- 
gray colonies; not lique- 
fying; slow growth on 
potato. 

Liquefying ; light-yellow 
colonies; grow quickly. 



Plague. 

Not liquefying; irregular 
scale-like colonies, mak- 
ing the gelatin viscid. 

Liquefying; opaque centre 
with ragged periphery ; 
in test-tube growth be- 
low, with gas formation. 



Liquefying slowly, small 
depressed scars giving 
a frosted appearance, or 
like ground glass; on po- 
tato, a thin brown layer; 
in test-tube, a funnel- 
shaped liquefaction, with 
a bubble of air in the top, 
the funnel taking six or 
seven days to form well. 



Actions. 



Produces a disease in 
bees called " foul 
brood." 

"Fire-blight" in pear 
trees. 

Causes vsplenic fever in 
animals; malignant 
pustule in man. 



['atal in mice and rab- 
bits. 



Produces the Aleppo or 
Biskra boil, common 
in Africa and Asia. 

Causes " flacherie " in 

silkworms. 
Causes dental caries. 



Kills guinea pigs. 



Causes "black leg," or 
Rauschbrand, in cat- 
tle. 



Causes cholera Asiatica 
in man and a similar 
trouble in animals. 



Habitat. 



Liver of yellow 

atrophy. 
Larvae of bees. 



Found in tissues 
and excreta of 
diseased animals. 



Mucous membrane 
of diphtheria. 

Blood of the dis- 
ease. 



Intestines of silk- 
worms. 
Teeth slime. 



Human ftcces. 



Animals affected 
with disease. 



Fa?ces of cholera 
patients. 



Discoverer. 



Eppinger. 

Cheshire and 
Cheyne. 



Burrill. 



Rayer and 
Davaine. 



Loffler and 
Cohn. 



Duclaux and 
Hey den- 
re ich. 

Bt'champ. 

Robin. 



Brieger. 



Arloing, Car- 
nevin, and 
Thomas. 



Koch. 
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CHIEF OHARACTBRISTIGS 



PATHOGENIC 



Name. 



Cholera galli- 
NARUM (chicken 
cholera). 

Cholrra nostras 
(Finckler). 



COLI COMMUNIS. 



Crassus sputig- 

ENUS. 



Decalvans. 



Dentalis ' 

DANS. 



Diarrhoca of In- 
fants. 



DiARRHCEA OF 

Meat-poisoning. 



DiPHTHERIiE. 



Diphtheria of 

Calvks (Vitu- 

lorum). 
Diphtheria in 

Pigeons (Colum- 

barum). 



Genns. 



Bacillus. 
Spirillum. 

Bacillus. 

Bacillus. 

Micrococcus. 
Bacillus. 

Bacillus. 

Bacillus. 
Bacillus. 
Bacillus. 
Bacillus. 



Biology. 



Xmmotile, cocci - like 
rods ; without spores ; 
strictly aerobic. 

Motile, comma-shaped 
rods ; strictly ffirooic. 



Short motile rods, 
slightly curved, with- 
out spores: faculta- 
tively anaerobic. 

Short, thick rods with 
rounded ends. 



Spherical cells in great 

numbers. 
Slightly curved rods, 

round ends. 



Motile, medium-sized 
rods ; spores ; serobic. 



Rods in groups of two 

and singly ; round 

ends; spores. 
Immotile, middle-sized 

rods, rounded ends; 

facultat. anaerobic. 
Long rods in threads. 



Short rods in groups. 



Product. 



Toxalbumin. 



Gray pigment. 



Toxalbumio. 



Toxalbumin. 
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B A CTERT A .— Ooxtinued. 



Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Not liquefying; small iso- 
lated white disks ; in test- 
tube, a granular track ; 
very faint. 

Liquefying rapidly ; col- 
onies yellow-brown thick 
masses ; in test-tube, fun- 
nel formed in 24 hours, 
dissolving all gelatin in 
two days; profuse gray 
mass on potato. 

Not liquefying; dark cen- 
tre, undulated periphery; 
green-colored layer on 
potato; milky layer on 
surface of test-tube. 

Not liquefying; oval grajr- 
ish, slimy colonies; tiail- 
shaped growth in test^ 
tube. 



Not liquefying; round, 
sharply - outlined col- 
onies, with bluish-gray 
opalescence. 

Not liquefying ; green col- 
onies with foul odor. 



Not liquefying ; little yel- 
lowish colonies ; a mem- 
branous layer on potato. 



Whitish j3atches. 



Causes chicken cholera 
in fowls; not acting 
on man. 

Harmless in man ; fatal 
to guinea pigs. 



Fatal to girinea pigs 
and rabbits; causes 
diarrhoea in man. 



Mice and rabbits die in 
48 hours with gastro- 
enteritis. 

Causes alopecia areata. 

Septic processes and 
death in mice and 
pigs. 

Causes peen diarrhoea 
in animals when in- 
travenously injected, 
and is the cause of 
green diarrhoea in 
infants. 

Causes death in ani- 
mals, with symptoms 
of septiosemia. 

Gives rise to diphtheria 
in man and animals. 

When inoculated in 
mice causes death. 

Necrosis in pigeons and 
oth«r animals. 



Blood and faeces of 
diseased fowls. 



Fseces of cholera 
nostras and caries 
of teeth. 



Faces of nursing 
infants; waier; 
choleraic stools. 



Sputum. 



In roots of hair. 
In caries of teeth. 



Fseces of infants 
suffering from 
green diarrhoea. 



Blood and juices of 
choleraic diar- 
rhoea. 

Diphtheritic exu- 
date. 

Diphtheritic mem- 
brane of calf. 

Diphtheritic mem- 
brane in pigeons. 



Pasteur. 



Fiuckler and 
Prior. 



Escherich. 



Kreibohm. 



Thin. 
Miller. 

Lcsage. 

Klein. 
Loffler. 
Loffler. 
LofSer. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Name. 


Genus. 


Biology. 


Product. 


Duck Cholera. 


Bacillus. 


Similar to chicken chol- 
era bacillus; immo- 
tile. 




Dysentery (epi- 
demic). 


Bacillus. 


Short motile rods ; very 
thin. 




Erysipelas of 
Swine (Rothlauf; 
rouget du pore). 


Bacillus. 


Small, slender motile 
rods ; facultatively 
anaerobic. 


Two vaccines, wh ich 
give immunity. 


FCETIDUS OZiEN-fi. 


Bacillus. 


Short rods, very mo- 
tile; in pairs and 
chains. 


Foul gas. 


Frog Plague. 


Bacillus. 


See SwiTie Plague. 




Gangrene. 


Micrococcus. 


Oval cocci in zoogloea. 




Gioantea. 

GlNGIV-iE pyog- 
enes. 


Leptothrix. 
Bacillus. 


Long rods, cocci and 
short rods in one; 
thread also spiral. 

Short thick rods with 
rounded ends. 




Glanders (Rotz, 
Mallei). 

G0N0RRH(££(G0I10- 

coccus). 


Bacillus. 
Micrococcus. 


Slender, imraotile rods, 
usually singly; spores; 
facultatively ausero- 
bic. 
Diplococci kidney- 
shaped; motile; do 
not color with Gram. 




Grouse Disease. 


Bacillus. 


Small rods and oval 
cocci in chains; ini- 
motile. 




H^MATOCOCCUS 
BOVIS. 


Diplococcus. 


Cocci seldom in chains ; 
surrounded by a pale 
zone. 




hemophilia NEO- 
NATORUM. 


Micrococcus. 
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Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Small round yellow col- 
onies like wax-drops ; not 
liquefying. 



Not liquefying ; concentri- 
cally-arranged colonies ; 
dry yellow membrane on 
potato. 

Very delicate silver-gray 
clouds on the gelatin, like 
bone-cells; not liquefy- 
ing; in test-tube a very 
faint clouding. 

Small greenish colonies 
which soon become lique- 
fied and indistinguish- 
able: a foul odor pro- 
duced. 



Grayish colonies with foul 
odor. 



Growth rapid; liquefying; 
round colonies, visible to 
naked eye in 24 hours. 

Light yellow, like honey, 
colonies, turning red- 
brown in a few days. 

Grow on blood-serum. 



Not liquefying ; small scales 
which turn gray in a few 
days, the edges serrated. 

Best at 38° C. ; not liquefy- 
ing; small white points ; 
sparse growth on potato ; 
transparent. 



Fatal for ducks, but not 
for chickens or pig- 
eons ; less active than 
chicken cholera; 
causes diarrhoea and 
exhaustion. 

The cause of epidemic 
dysentery in man ; 
enteritis in guinea 
pigs. 

Causes erysipelas in 
swine and other ani- 
mals ; the (ierman 
" RothlauiV' French 
" rouget du pore." 

Mice are killed by in- 
jection ; rabbits af- 
fected with progres- 
sive gangrene. 



Causes caries of teeth. 



Fatal to mice, with sep- 
tic processes. 

Glanders is caused by 
the bacillus in man 
and animals. 

Gonorrhoea in man. 



Fatal for mice and 
guinea pigs. 

Fatal for rabbits and 
rats; hyperaemia of 
lungs and spleen; 
blood - exudate in 
peritoneal cavity. 

Supposed to be the 
cause of the disease. 



Blood of diseased 
ducks. 



In faeces and mesen- 
teric glands. 



Blood and organs 
of diseased ani- 
mals. 



Secretion of per- 
sons suffering 
from ozsena. 



Gangrenous tissue. 

Diseased teeth of 
animals. 

Suppurating pulp 
of tooth. 

In epithelium and 
ulcerated glands. 



Gonorrhoea! pus ; 
in pus-ccUs and 
epithelium. 

In blood and or- 
gans of diseased 
grouse. 

Blood and organs 
of animals dis- 
ea.sed with haemo- 
globinuria. 

Found in this dis- 



Comil and 
Toupet. 



Chantemesse 
and VVidal. 



Loffler. 
Ilajek. 

Eberth. 

Miller. 
Miller. 
Loffler. 

Neisser. 

Klein. 

Babes. 

Klebs. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Name. 


Genus. 


Biology. 


Product 


HiEMORRHAGIC 

Septicaemia (In- 
fectious Pleuro- 


Bacillus. 


Short rods, twice as 
long as broad; im- 




pneumonia, Wild 
Plague, (ierman 
Swine Plague, 
Cattle Plague, 
Steer Plague.Rab- 
bit Septicaemia). 








Hog Cholera 
(Swedish swine 
plague). 


Bacillus. 


Very motile oval rods, 
similar to haemor- 
rhagic septicaemia. 


Peptonizes milk 
without coagula- 
tion. 


INSECTORUM. 


Micrococcus. 


Oval cells in chains and 
zooglcea ; streptococci. 




Lactis ^rogenks. 


Bacillus. 


Short, thick immotile 
rods. 




Leprae. 


Bacillus. 


Slender, immotile rods 
with pointed ends. 




LiQUEFACIKNS CX)N- 
JUNCTIViE. 


Micrococcus. 


Single cocci ; never in 
threads. 




Lupus. 


Bacillus. 


Same as Tuberculosis. 




Malaria. 


Bacillus. 


Rods in filaments, with 
spores at each end; 
aerobic. 




MALIGNANTa:DEMA 

(Gangrenous 8ep- 
ticaemia, Vibrio 
Septique). 


Bacillus. 


Large, slender rods, 
rounded ends, often 
in threads; motile, 
with flagella and 
spores ; strongly 
anaerobic. 


Soluble vaccine. 


Mammitis op Cows. 


Micrococcus. 


Oval cocci in chains; 
streptococci ; facul- 
tatively anaerobic. 
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Culture Characters. 



White Isolated pinhead 
points, not growing on 
potato; best at 37° C. 
not liquefying. 



Very good growth on gel- 
atin and potatoes; a yel- 
low-brown color. 



Small porcelain-like disks 
with depressed centre ; 
funnel-shaped in test- 
tube with gas. 

On blood - serum round 
white plaques with ir- 
regular borders. 

Liquefying; growth rapid ; 
colonies on surface, with 
little radiating branches 
from a dark centre ; those 
in deep, berry-shaped. 



Liquefying; thick" centre, 
radiating periphery ; in 
high culture in test-tube, 

J^as-bubbles arise, with 
oul odor. 

Not liquefying; brown, 
round granular colonies; 

trows slowly; in test-tube, 
eavy deposit along *he 
needle's track. 



Actions. 


Habitat. 


Discoverer. 


A disease having dif- 


Blood and serum of 


llueppe. 


ferent names in dif- 


diseased animals. 




ferent animals, cha- 






racterized by oedema, 






haemorrhage, and 






septicemia. 






In experiment, ani- 


Not spread through 


Salmon and 


mal's death in four 


tissue, but in ca- 


fc?elander. 


to eight days; bac- 
teria in little emboli 


pillaries of dis- 




eased swine. 




in capillaries. 






A contagious disease in 


Stomach of chinch- 


Burrill. 


the chinch-bug. 


bug. 




Fatal to guinea pigs 
and rabbits; coagu- 


Fseces of nursing 


Escberich. 


infants and of 




lates milk; decom- 


cholerine. 




poses sugary solu- 






tions. 






Causes leprosy in man 
and animals. 


Leprous tissue. 


Hansen. 






On cornea of rabbits 


Normal human 


CJombert. 


causes slight cloud- 
ing. 


conjunctiva. 




Produces fever in man 


Blood of malaria 


Klebs and 


and animals. 


and air of ma- 


Tommasi- 




larial districts. 


Crudeli. 


Animals quickly die 


Garden-earth. 


Pasteur. 


with extensive gan- 






grene and cedema. 






Causes contagious mam- 


Mammary gland. 


Nocard and 


mitis in cows : coagu- 




Mollereau. 


lates milk. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Name. 



Genus. 



Biology. 



Product. 



Mammitis op 
Sheep. 



Metschnikowi. 



MORBILLI. 



Neapolitan us. 



NOMiG. 



OXYTOCUS PERNI- 
CIOSUS. 



Pertussis. - 



Pneumonia (Pneu- 
mococcus of P'ried 
lander). 



Pneumonia (Pneu- 
mocoecus of Fran- 
kel ; Micrococcus 
of Pasteur). 



Pneumonicis 

AGILIS. 



Proteus septicus. 



Micrococcus. 



Spirillum 
(vibrio). 



Micrococcus. 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 
Bacillus. 



Streptococci and in 
fours. 

Motile spirals with 
flagella; serobic. 



Round motile cocci and 
diplococci. 

Small im motile rods, 
with rounded ends- 
no spores ; faculta- 
tively anaerobic. 

Small rods, with round- 
ed ends, growing of- 
ten in long threads. 



Short rods with round 
ends. 



Very thin rods ; motile ; 
spores. 



Short, immotile rods, 
singly or in diplococ- 
ci, surrounded with 
capsule; no spores; 
not colored with 
Gram: facultatively 
anserooic. 

Short, oval rods, often 
in chains; immotile ; 
no spores ; in the tis- 
sue surrounded with 
capsule, colored with 
Gram: facultatively 
anaerobic. 

Short, thick motile rods 
in pairs. 

Slightly curved rods, 
swelled in liortions, 
sometimes in long 
threads: motile. 



An alkaline vac- 
cine which will 
cause immunity. 



Produces acids in 
gelatin cultures. 



Foul gas. 
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Culture Characters. * 



Liquefying; round centres 
with zoue of liquefaction ; 
cone-shaped in test-tube. 

Grows quickly; colonies, 
some like cholera Asiat- 
ica, others like cholera 
nostras; liquefying. 



Actions. 



Not liquefying ; thin pearl- 
like scales in several lay- 
ers; wrinkled and mu- 
cous layers on potato. 

Granular spherical colonies 
in the deep, flat on the 
surface; not liquefying; 
growth rapid ; best at 35° 

Small yellow granular col- 
onies; nail-culture in 
test-tube. 

Not liquefying; thick yel- 
low culture on potato. 



Does not liquefy; grows 
quickly ; a button-like 
colony; in test-tube, as 
if a nail driven in the 
gelatin with head on sur- 
face. 

Does not liquefy; grows 
slowly ; small, well-de- 
fined masses; in test-tube, 
little separate globules, 
one above the other. 



Liquefying ; dark granular 
colonies ; thick sediment 
In test-tube. 

Growth rapid ; liquefying ; 
colonies have foul odor, 
are small, thick branches, 
but soon all liquid. 



Habitat. 



Causes contagious gan- 
grenous mammitis in 
sheep. 

Causes vibrion septi- 
caemia in guinea pigs 
•and pigeons. 

Supposed to have an 
intimate connection 
with measles. 

Causes death in some 
animals ; not the 
cause of cholera. 

No action on mice or 
rabbits. 



Intravenous injection 
causes death in mice 
and rabbits ; turns 
milk acid. 

Said to be constantly 
present in whooping 
cough ; injected into 
trachea of young 
dogs, it produces 
broncho-pneimionia. 

An accompaniment of 
pneumonia, not a 
cause; animals not 
affected. 



Causes pneumonia in 
man, septicaemia in 
animals; also serous 
inflammations in 
man, as pleurisy, per- 
itonitis, etc. 

Pneumonia in raTbbits. 



Fatal for mice in one 
to three days. 



Found in the milk 
of diseased sheep. 

Fajces of fowls. 



Urine, blood, and 
catarrhal exuda- 
tions of measles. 

Cholera epidemic 
of Naples, 1884. 



In necrotic tissue 
of noma. 



Sour milk. 



Phlegm of whoop- 
ing cough. 



Pneumonic and 
other sputum, 
and lung tissue. 



Sputum of lung af- 
fections and se- 
rous inflamma- 
tions. 



From rabbits' pneu- 
monia. 

From a child dying 
of intestinal gan- 
grene. 



Discoverer. 
Nocard. 

Gamaleia. 

Keating. 
Emmerich. 



Schimmel- 
busch. 



Wyssokow 
itsch. 



Afanassieff. 



Friedlander. 



A. Frankel. 



Schon. 



Babes. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Pseudo-pneumo- 
nia. 

PsiTTACi (perni- 
ciosus). 

Pyocyaneus. 



Pyocyaneus /3. 



Pyogenes (Strepto- 
coccus erysipela- 
tis— Fehleisen). 

Pyogenes albus. 



Pyogenes aukeus 
(micrococcus of 
osteomyelitis — 
Becker). 

Pyogenes citreus. 



Genus. 



Bacillus. 

Micrococcus. 
Bacillus. 

Bacillus. 
Micrococcus. 
Micrococcus. 
^Micrococcus. 

Micrococcus. 



Pyogenes FCETiDus. Bacillus. 



Pyogenes tenuis. 



Rabies (Hydropho- 
bia). 



Relapsing Fever 
(Obermeier). 



Micrococcus. 
Bacillus. 

Spirillum. 



Biology. 



Product 



Immotile, very short 
rods with capsule. 

Streptococci and zoog- 
laa. 

Thin motile rods; fa- 
cultatively aiiairobic. 



Forms a brown-yellow 
pigment ; otherwise 
identical with above. 

Streptococci and zoog- 
loea. 

Staphylococci and 
streptococci ; facul- 

^ tatively anserobic. 

Staphylococci and zoog- 
loea; facultatively 
aneerobic. 



Same as Pyogenes au- 
reus. 

Short motile rods in 
pairs. 



C!occi without definite 
arrangement. 

Very thin rods. 



Long, wavy spirals ; 
motile. 



Pyocyanin, a non- 
poisonous pig- 
ment. 



Ptomaine, toxal- 
buniin, and pig- 
ment. 



Ptomaine, which 
gives immunity 
when inoculated, 
and cures. 



OF THE PRINCIPAL BACTERIA. 
BACTERIA.— Continued. 



223 



Culture Characters. 


Actions. 


Habitat. 


Discoverer. 


Not liquefying ; thick glis- 


Septicfiemia in mice; 


From pus. 


Passet. 


tening brownish layer on 


abscess in guinea 






potatoes. 


pigs. 








Causes disease in gray 


In blood of par- 


Wolff. 




parrots. 


rots disease. 




Liquefying; large, flat col- 


Fatal for animals ; col- 


Pus. 


Gessard. 


onies with greenish fluo- 


ors the dressings 






rescence ; on potato, yel- 


green. 






low-green skin, deeply 








coloring the pulp. 






Ernst. 


Not liquefying; round 
punctiiorm colonies; slow- 
growing. 

Liquefying; white opaque 


Suppuration and sep- 


Pus. 


Rosenbach. 


ticsemia in animals. 






Suppuration and ab- 


Pus. 


Rosen bach. 


colonies. 


scess. 






Liquefying; small colonies 
w^ith a yellow-orange pig- 


Causes abscesses and 


Pus. 


Rosenbach. 


suppuration in man 






ment in centre; yeast- 


and animals. 






like smell ; a moist layer 








on potato. 








Colonies, citron-yellow 
color. 


Suppuration. 


Pus. 


Passet. 


Not liquefying; mucous 


Fatal to animals. 


Pus. 


Passet. 


layer on potato; very 








thick; in test-tube, a 








slight layer on surface, 
and small points along 














the track. 








On surface, transparent; 




Pus of abscesses. 


Rosenbach. 


thin growth ; grows 








slowly. 








A clouding in bouillon, 


Causes hydrophobia in 
animals. 


From serum of ven- 


Gibier, 


which deposits itself in 


tricles and spinal 


Mottet.and 


a few weeks. 




cord. 


Protopnoff. 


C'aunot be cultivated. 


Causes fever in man 


Blood of man dur- 


Obermeier. 




and animals, and is 


ing an attack of 






the cause of relapsing 


the disease. 






fever. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Name. 



Genus. 



Rhinoscleroma. 
Salivarius pyog- 

ENJES. 



Salivarius septi- 
cus. 



Salivarius septi- 
cus. 



Saprogenes No. II. 



Saprogenes No.III. 



Saprogenes fceti- 

DUS. 



Senile Gangrene. 



Septicemia after 
Anthrax. 



Septicemia 
Mice. 



Septicaemia of 
Rabbits (Cuui- 
culicida). 

Septicus acumina- 
tus. 



Septicus agrig> 

ENUS. 



Bacillus. 
Micrococcus. 

Bacillus. 

Micrococcus. 
Bacillus. 

Bacillus. 
Bacillus. 

Bacillus. 

Micrococcus. 
Bacillus. 

Bacillus. 
Bacillus. 

Bacillus. 



Biology. 



Product. 



See Pneuinococcus of 

Very small round cocci 
and staphylococci. 

Short, immotile rods, 
encapsulated in pairs, 
sometimes long 

chain ; aerobic. 

Cocci singly and in 
zoogloea; aerobic. 



Short rods ; faculta- 
tively anaerobic. 



Very short rods ; facul- 
tatively anaerobic. 

Immotile rods ; spores. 



Thin rods: immotile; 
singly arid in pairs; 
ends somewhat thick- 
ened ; aerobic ; spores. 

Motile streptococci. 



Smallest bacillus 

known; immotile. 



See ITcemorrhagic Septi 



Thin, lancet-sbaped 
rods ; very slender. 



Very short rods. 



Friedlander, with 



Foul gas. 



Foul 1 



Foul gas. 
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Culture Characters. 



which it is identical. 

Slowly liquefying; small 
white opalescent col- 
onies. 

Not liquefying; gray cir- 
cular colonies ; trans- 
parent zone ; in test-tube, 
separated. 

Not liquefying; round col- 
onies ; separated dots in 
test-tube. 

Grows quickly; on agar, 
hyaline drops which 
quickly coalesce, and 
form a mucoid layer with 
a foul odor, that of per- 
spirinjj feet. 

Forms a fluid gray band on 
agar; odor of putrefac- 
tion. 

Not liquefying; thin, trans- 
parent layer ; putrid odor. 



Actions. 



Habitat. 



Discoverer. 



Round yellow colonies; 
liquefying in 36 hours; 
best growth at 37° C. 

In bouillon virulence de- 
stroyed. 



Causes gangrene in 
mice, similar to se- 
nile gangrene of 
man. 

Septicaemia in rabbits, 
but not in chickens 
or guinea pigs. 

Not liquefying ; small floe- Septicaemia in house- 
culentmassesin the deep; i mice, but not field- 
grows very slowly; in the 
test-tube producing a 
faint cloud. 



Local abscess in ani- 
mals. 



Fatal to animals. 



Fatal to animals. 



Produces septicaemia in 
rabbits. 



Suppuration in rabbit. 



Rabbits killed 
large doses. 



with 



At 37° r, on blood-serum Pathogenic for rabb 
small transparent pliites; , and guinea pigs; fev 
laier on. turnincr vellow. 



small transparent piiUes 
laier on, turning yellov 



ai.uwgciji«j jui rabbits 
and guinea pigs; fever; 
and bacilli in blood 
and organs. 

Not liquefying; brown cen- Septicaemia in mice and 
tre, a ring, then yellow i rabbits, 
zone. I 

16 



Saliva. 



Saliva of healthy 
persons. 



Saliva of puerperal 
women. 

Sweat of feet. 



Putrid marrow of 
bone. 



Mesenteric glands 
of swine with 
erysipelas and of 
healthy swine. 

In gangrenous tis- 
sue and blood of 
senile gangrene. 



Blood of animal 
dead from an- 
thrax. 

Putrefying liquids. 



Navel stump 
cliild dead 
septicaemia. 



Earth of recently- 
ploughed fields. , 



Frisch. 
Biondi. 



Biondi. 



Biondi. 



Rosenbach. 



Rosenbach. 



Schottelius. 



Tricomi. 



Charrin. 



Koch. 



Babes. 



Nicolaier. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Name. 


Genus. 


Biology. 


Product. 


SePTICUS LIQl'EFA- 
CIENS. 


Micrococcus. 


Streptococci and diplo- 
cocci. 




Septicus ULCKEIS. 


Bacillus. 


Oval rods ; motile. 


Gas; no odor. 


Septicus vesica. 


BacUIus. 


Rod8 always single: 
very motile; oval 
spores. 




Smegma. 


Bacillus. 


Slender curved rods, 
identical with syph- 
ilis. 





Sputiqbnum. 


Spirillum. 


Curved, comma-shaped 
rods; motile. 




SUBFLAVUS. 


Micrococcus. 


Diplococci like gono- 
cocci ; colored by 
Gram. 




Swine Pj^ague 
(American and 
French). 


Bacillus. 


Motile, oval rods, sim- 
ilar to that of hog 
cholera. 


Causes casein pre- 
cipitate in milk 
and acid forma- 
tion. 


Sycosiferus fcbti- 

DUS. 


Bacillus. 


Short, straight immo- 
tile rods, often in 
threads. 


On potatoes a foul 
odor. 
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Culture Characters. 



Actions. 



Habitat. 



Liquefying; a thin gran- 
ular streak, the surface 
sunken in; later, cone- 
like, the walls covered 
with leaf -shaped col- 
onies. 

Liquefying; yellow col- 
onies, taken up with gas 
later on. 

Not liquefying ; small pin- 
head colonies, growing 
slowly: never larger; a 
brown centre, yellow 
periphery. 

Not cultivated. 



Not cultivated. 



Growth slow; liquefying; 
on tenth day yellow 
points with thready 
boundary; on potato, a 
brown, thread - like 
growth after two weeks. 

Not liquefying ; growth 
•imllar to typnoid germ ; 
on potatoes good growth. 



Blow growth ; not liquefy- 
ing; after four days, lit- 
tle white points, which 
do not change for several 
weeks, then the super- 
ficial ones are mucuus- 
like; nail growth; on 
potatoes, rapid growth. 



Pathogenic for mice 
and rabbits, produ- 
cing oedema, in the 
serum of which the 
cocci abound. 



An ulcer in inoculated 
animals, followed by 
paralysis and death. 

Pathogenic for mice 
and rabbits, produ- 
cing death. 



Supposed to be similar 
to syphilis. 



Causes death in ani- 
mals. 

No result on mucous 
mi^mbrane; injected 
under skin, abscess] 
results. 



Found in American and 
French swine plague, 
in frog plague, and 
Texas fever ; animals 
affected locally. 

On human skin causes 
eruption, vesicular 
around hairs, then 
it becomes pustular; 
similar to sycosis. 



Bloo<l and organs 
of child dying of 
septicemia. 



In blood of child 
with gangrenous 
ulcer. 

In urine of cys- 
titis. 



Normal preputial 
secretions. 



In caries of teeth 
and saliva. 

Normal secretion 
of vagina and 
urethra. 



Found in capil- 
laries in little em- 
boli; not spread 
in organs of dis- 
eased animals. 

From sycosis of the 
beard. 



Babes. 



Babes. 



Clado. 



Alvarez and 
Tavel. 



Lewis. 



Bumm. 



Billings, 
Rietseh, and 
Eberth. 



Tommasoli. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Name. 



Syphilis. 
Tetanus. 



Tktragenus. 



TOXICATUS. 



Trachoma 



Tuberculosis. 



TUBRRf TYLOSIS ZO- 
OGL(EICA. 



Typhoid. 



Grenus. 



Bacillus. 



Bacillus. 



Micrococcus. 



Micrococcu.s. 



Micrococcus. 



Bacillus. 



Micrococcus. 



Bacillus. 



Typhoid of Swine 

(swine plague). 
Tyrogenum Spirillum 

CDencke's). (vibrio). 



Biology. 



Thin rods, sometimes 
curved. 

Large, slender motile 
rods, with spores in 
one end, drumstick 
shape, often in 
threads ; true ausero- 
bic. 

Large round cells, uni- 
ted in groups, usual- 
ly of four, and sur- 
rounded by a cap- 
sule ; immotile ; aero- 
bic. 

Cocci singly and in 
pairs. 

Diplococci very small 
and division - line 
faint ; aerobic. 



Slender rods, usually 
in pairs ; not motile ; 
spores not definitely 
determined ; facul- 
tatively anaerobic. 



Cocci in large zoog- 
Iceaic masses, evo- 
luted forms of tuber- 
cle bacillus. 

Slender motile rods, 
sometimes in tli reads; 
flagella, but no spores; 
facultatively antero- 
bic. 

See Stcine Plague. 

Spiral - shaped rods ; 
srobic. 



Product. 



Ptomaines, teta- 
nine, tetanotox- 
ine, spasmotox- 
ine; also a tox- 
albumin. 



Kochine or parato- 
line, a glycerin 
extract of the 
pure culture (tu- 
berculin). 



Typhotoxin and 
toxalbumin. 
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Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Not cultivated. 



Liquefy gelatin slowly ; 
colonies have radiated 
appearance ; a thornv 
erowth along the track 
in test-tube. 

Not liquefying ; little por- 
celain-like disks; thick 
. slimy layer on potato. 



Along needle-line, white, 
wreath-like arrangement 
of small spheres, turning 
yellow ; best at 37°€. ; not 
liquefying. 

Grows best on blood-serum 
and glycerin agar at 37° 
C, forming little white 
crumbs on the surface; 
under microscope a hairy 
matted coil is seen ; 
growths on potatoes 
when air-tight have been 
obtained. 



Not liquefying : little whet- 
stone-shaped yellow col- 
onies in the deep, and 
leaf-shaped ones on the 
surface ; on potato, a very 
transparent, moist layer. 



Liquefy rapidly ; small 
round colonies; dark 
funnel-shaped liquefac- 
tion in test-tube. 



Supposed to cause syph- 



Froduces tetanus in 
man and animals. 



Fatal to guinea pigs 
and white mice. 



Supposed to be the 
cause of Rhus (poison 
ivy) poisoning. 

In rabbits no result, 
but on human cornea 
typical trachoma. 



Causes tuberculosis, lo- 
cal and general, in 
man and lower ani- 
mals. 



Gives rise to enteric 
or typhoid fever in 
man. 



Several animals have 
died from inocula- 
tions. 



In tissue and secre- 
tions of syphi- 
litics. 

Earth and manure. 



Found in cavern- 
ous phthisical 
lungs. 



Found in the Rhus 
toxicodendron. 

Found in follicles 
of Egyptian eye 
disease. 



In all organs and 
secretions of tu- 
bercular persons. 



In caseous nodules 
of tubercular ani- 
mals. 

Found in dejecta 
and spleen and 
urine of typhoid 
patients. 



From old cheese. 



Lustgarten. 



Nicolaier and 
Kitasato. 



Gaflky. 



Burrill. 



Sattler and 
Michel. 



Koch. 



Malassez and 
Vignal. 



Eberth. 



Dencke 



PLATE m. 




BACILLI OF SYMPTOMATIC ANTHRAX, WITH SPORES lOOoX 
(Frfinkel and Pfeiffer.) 







Ifc^ 



DIPHTHERIA BACILLUS PURE CULTURE IQOO><, 
(FrSokel and Pfeiffer.) 



PLATE IV. 




FI'E FFER'S CAPSULE BACILLUS IN BLOOD loooX- 
^FrSnkel and Pfeiffer.) 




YtAST-CELLS 500X. 
(Frfinkel and Pfeiflfer.) 



PLATE V. 




PENICILLIUM GLAUCUM 500 X. 
(Frankel and Pfeiflfer.) 




ASPERGILLUS FUMIGATUS 500 X. 
(FrSnkel and Pfeiffer.) 



INDEX. 



ABBE' S condenser, 26 
Achorion Schonleinii, 170 
Actinomyces, 171 
Aerobin, 24 
Agar-agar, 54 

bouillon, 54 

glycerine, 55 
Air, examination of, 174 
Alexins, 70 
Anaerobin, 24 
Anilin dyes, 30 

oil, 31 

oil water, 31 
Animals for experiment, 76 
Anthrax, 94 
Anthraxin, 96 
Antibacterial substances, 75 
Antitoxins, 76 

of diphtheria, 113 

of pneumonia, 133 

of tetanus, 148 

of tuberculosis, 106 
Arnold's sterilizer, 45 
Arthrospores, 22 
Aspergillus fumigatus, 171 

glaucus, 171 
Autoclave of Chamberland, 46 

BACILLUS acidi lactici, 84 
alvei, 165 
amylobacter, 85 
anthracis, 94 
avicidis, 160 
butyricus, 85 
capsule, 135 
coeruleus, 88 
coli communis, 121 
comma, 123 
erythrosporus, 88 
faeces, 120 
fluorescens, 141 



Bacillus fluorescens liquefadens, 88 
icteroides, 156 
indicus, 81 
Klebs-Loffler, 110 
lactis cyanogenus, 86 

erythrogenes, 86 
lepra, 106 
malariae, 151 
mallei, 107 
megaterium, 82 
melittophtharus, 165 
mesentericus vulgatus, 81 
Milzbrand, 94 
murisepticus, 164 
mycoides, 82 
Neapolitan us, 120 
oedematus maligni, 149 
of American swine plague, 162 
of anthrax, 94 
of bluish-green pus, 141 
of bubonic plague, 157 
of cattle plague, 162 
of chicken cholera, 160 
of diphtheria, 110 
of French swine plague, 162 
of glanders, 107 
of hog cholera, 162 
of influenza, 136 
of malignant oedema, 149 
of mouse septicaemia, 164 
of ox plague, 162 
of rabbit septicaemia, 162 
of soft chancre, 156 
of steer plague, 162 
of Swedish-Danish plague, 147 
of swine erysipelas, 163 
of symptomatic anthrax, 159 
of syphilis, 107 
of tetanus, 146 
of typhoid fever, 114 
phosphorescensgelidus, 89 
231 
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INDEX. 



Bacillus phosphoresoens indicus, 8S 
indigenus, 89 

pneumo- 130 

potato, 81 

prodigiosus, 80 

pyocyaneus, 141 
/?-, 142 

ramosus, 82 

smegma, 107 

spinosus, 84 

subtilis, 83 

tuberculosis, 97 

violaceus, 87 
Bacteria, 17 

action in causing disease, 70 

antagonism of, 74 

asporogenic, 22 

as remedial agents, 74 

desmo-, 17 

effect on body, 72 

fluorescent, 88 

in air, 177 

in milk, 84 

in urine, 91 

in water, 87, 178 

infective, 72 

life of, 23 

micro-, 17 

non-pathogenic, 80, 177 

of hemorrhagic septicaemia, 162 

of pneumonia, 129 

origin of, 22 

pathogenic, 25, 71,93, 177 

persistence in water, 120 

phosphorescent, 89 

pyogenic, 72 

similar to cholera, 126 

sphero-, 17 

spiro, 17 

staining of, 30 

structure of, 18 

suppurative, 72 

tables of, 188-229 

toxic, 71 

unstained, 27 

vital actions of, 24 
Bacteridie du charbon, 94 
Bacterium "acidi lactici, 84 

aeruginosum, 141 



Bacterium Balticum, 90 

Fischeri, 90 

Pflugeri, 90 

syncyanum, 86 

termo-, 165 

ureae, 91 

zopfl, 83 
Beef extract, 48 
Beggiatoa alba, 90 
Benches for glass plates, 62 
Biedert's method, 102 
Black-leg, 159 
Blight, 165 
Blood-coagulum, 58 
Blood-serum as media, 55 

properties of, 70 

theory, 70 
Botkin's method, 69 
Bouillon, 48 

gelatine, 52 

guinea-pig, 59 

preparation of, 48 
BowhilFs orcein stain, 40 
Bread mash, 52 
Brood-oven, 66 
Brownian movements, 19 
Buchner*8 method, 69 

CARBOL-thionin solution, 34 
Cattle plague, 162 
Cell contents, 18 

wall, 18 
Cellular theory, 75 
Cellulo-humoral theory, 75 
Charbon symptomatique, 159 
Charcoal filter, 179 
Chemotaxis, 75 
Cholera, 123 

Pfeiffer^s immunity, 126 
Cladothrix, 171 

actinomyces, 171 

dichotoma, 90 
Classification, 17 
Clostridium, 21 

butyricum, 85 
Cohn's system, 17 
Cotton plugs, 47 
Cover-glass specimens, 35 
Crenothrix, 90 
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Crenothrix Kiihniana, 90 
Cultivation, 42 

artificial, 42 

methods of, 42 

of anaerobins, 67 
Cultures, appearances of, 64 

egg, 59 

glass-plate, 61 

glass-slide, 60 

potato, 49 

rolled, 64 

test-tube, 60 

DE BARY\S system, 18 
Decolorants, 31 
Diphtheria, 110 

Diplococcus albicans aniplus, 145 
tardissimus, 145 
lanceolatus, 131 
of meningitis, 134 
of pneumonia, 129 
Disinfectants, 42 
Drying specimens, 35 
Dunham's rosalic acid solution, 59 
peptone solution, 124 

EFFECT of age, 25 
Eisner's medium, 59 
Endospores, 20 
Enteric fever, 114 
Esmarch's method, 67 

tubes, 64 
Examination of human body, 183 

of unstained bacteria, 88 
Exhaustion theory, 74 
Experiments on animals, 76 

FAVUS, 170 
Ferments, 25, 72 
Filters, 178 

hot-water, 53 

Pasteur-Chamberland, 179 

sand, 176 
Fishing, 66 
Fission-fungi, 17 
Flagella, 19 

staining of, 40 
Fluorescence, 25 
Foul-brood, 160 



Frankel's borer, 181 
method for anaerobins, 67 
stain for tubercle bacillus, 100 

Frog plague, 162 

Fuchsin, carbol-, 31, 33 

Fungi, 167 

Fungus, ray, 171 
thrush, 168 

GABBETT'S stain, 33, 100 
Gas formation, 25 
Gelatine, 52 

bouillon, 52 

carbolized, 116 

paste, 37 

plates, 166 
Gelatinous membrane, 18 
Germination, 21 
Gonococcus, 142 
Gonorrhoea, 142 
Gonotoxin, 144 
Gram's stain, 33 

Gruber-AVidal blood-serum test, 
116 

HJ^.MAM(EBA, 153 
Laverani, 153 
Haematonionas malariop, 153 
Ha^matozoa of malaria, 152 
Hanging-drop, 29 
Heat as disinfectant, 43 

dry, 43 

moist, 44 
Ileiiiorrhagic septicaemia, 162 
Herpes tonsurans, 170 
Hesse's method for air, 174 

for anaerobins, 67 
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SECOND EDITION, REVISED. 

This work is the most notable attempt yet made in America to treat the 
entire subject of Human Physiology by well-known teachers who have given 
especial study to that part of the subject upon which they write. The completed 
work represents the present status of the science of Physiology, particularly 
from the standpoint of the student of medicine and of the medical practitioner. 

The collaboration of several teachers in the preparation of an elementary text- 
book of physiology is unusual, the almost invariable rule heretofore having been 
for a single author to write the entire book. One of the advantages to be derived 
from this collaboration method is that the more limited literature necessary for 
consultation by each author has enabled him to base his elementary account 
upon a comprehensive knowledge of the subject assigned to him ; another, and 
perhaps the most important, advantage is that the student gains the point of view 
of a number of teachers. In a measure he reaps the same benefit as would be 
obtained by following courses of instruction under different teachers. The 
different standpoints assumed, and the differences in emphasis laid upon the 
various lines of procedure, chemical, physical, and anatomical, should give the 
student a better insight into the methods of the science as it exists to-day. The 
work will also be found useful to many medical practitioners who may wish to 
keep in touch with the development of modern physiology. 

CONTRIBUTORS : 

HBNBT P. BOWDITOR, H. D., 

Professor of Physiology, Harvard Medi- 
cal School. 

JOHN a. CURTIS, H. D., 

Professor of Physiology, Columbia Uni- 
versity, N. Y. (College of Physicians 
and Surgeons). 

HENBT R. DONALDSON, Ph.D.. 

Head-Professor of Neurology, Univer- 
sity of Chicago. 

W. R. HOWELL, Ph. D., H. D., 

Professor of Physiology, Johns Hopkins 
University. 
FRJSDEBIO 8. LEE, Ph. D., 

Adjunct Professor of Physiology, Colum- 
bia University, N. Y. (College of 
Physicians and Surgeons). 



WARREN P. LOMBARD, H.D., 

Professor of Physiology, University of 
Michigan. 

QRAHAM LUSK, Ph.D., 

Professor of Pliysiolf^^y, Yale Medicaf 
School. 

W. T. PORTER. H. D., 

Assistant Professor of Physiology, Har- 
vard Medical School. 

EDWARD T. REICHERT, H.D., 

Professor of Physiology, University of 
Pennsylvania. 

HENRY 8EWALL, Ph.D., H.D.. 

Professor of Physiology, Medical Depart 
ment, University of Denver. 

" We can commend it most heartily, not only to all students of physiology, but to every 
physician and pathologist, as a valuable and comprehensive work of reference, written by 
men who are of eminent authority in their own special subjects." — Z^»^» Lancet. 

" To the practitioner of medicine and to the advanced student this volume constitutes, 
we believe, the best exposition of the present stuus of the science of physiology in the Eng- 
lish \ATiiBiiaigt."— American journal of the Medical Sciences. 
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»AN AMERICAN TEXT-BOOK OF APPLIED THERAPEU- 
TICS. For the Use of Practitioners and Students. Edited by 
James C. Wilson, M. D., Professor of the Practice of Medicine and of 
Clinical Medicine in the Jefferson Medical College. One handsome octavo 
volume of 1326 pages. Illustrated. Prices: Cloth, I7.00 net; Sheep or 
Half- Morocco, |8.oo net. 

The arrangement of this volume has been based, so far as possible, upon 
modern pathologic doctrines, beginning with the intoxications, and following 
with infections, diseases due to internal parasites, diseases of undetermined 
origin, and finally the disorders of the several bodily systems — digestive, re- 
spiratory, circulatory, renal, nervous, and cutaneous. It was thought proper to 
include also a consideration of the disorders of pregnancy. 

The articles^ with two exceptions, are the contributions of American writers. 
Written from the standpoint of the practitioner, the aim of the work is to facili- 
tate the application of knowledge to the prevention, the cure, and the allevia- 
tion of disease. The endeavor throughout has been to conform to the title of 
the book — Applied Therapeutics — to indicate the course of treatment to be 
pursued at the bedside, rather than to name a list of drugs that have been used 
at one time or another. 

The list of contributors comprises the names of many who have acquired dis- 
tinction as practitioners and teachers of practice, of clinical medicine, and of 
the specialties. 

CONTRIBUTORS : 



Dr. I. E. Atkinson, Baltimore, Md. 
Sanger Brown, Chicago, lil. 
John B. Chapin, Philadelphia, Pa. 
William C. Dabney, Charlottesville, Va. 
John Chalmers DaCosta, Philada., Pa. 
I. N. Danforth, Chicago, 111. 

iohn L. Dawson, Jr., Charleston, S. C. 
'. X. Dercum, Philadelphia, Pa. 
George Dock, Ann Arbor, Mich. 
Robert T. Edes, Jamaica Plain. Mass. 
Augustus A. Eshner, Philadelphia, Pa. 
J. T. Eskridge, Denver, Col. 
F. Forchheimcr, Cincinnati, O. 
Carl Frese, Philadelphia, Pa. 
Edwin E. Graham, Philadelphia, Pa. 
John Guit^ras, Philadelphia, Pa. 
Frederick P. Henry, Philadelphia, Pa. 
Guy Hinsdale, Philadelphia, Pa. 
Orville Horwitz, Philadelphia, Pa. 
W. W. Tohnston, Washington, D. C. 
Ernest Laplace. Philadelphia, Pa. 
A. Laveran, Patris, France. 



Dr. 



James 1 
JohnN 
J.W.I 



Hendrie Uoyd, Philadelphia, Pa. 

Noland Mackenzie, Baltimore, Md. 

. McLaughlin, Austin, Texas. 
X. Lawrence Mason, Boston, Mass. 
Charles K. Mills, Philadelphia, Pa. 
John K. Mitchell. Philadelphia, Pa. 
W. P. Northrup, New York City. 
William Osier, Baltimore, Md. 
Frederick A. Packard, Philadelphia, Pa. 
I'heophilus Parvin, Philadelphia, Pa. 
Beaven Rake, London, England. 
E. O. Shakespeare, Philadelphia. Pa. 
Wharton Sinkler, Philadelphia, Pa. 
Louis Starr, Philadelphia, Pa. 
Henry W. Stelwagon, Philadelphia, Pa, 
James Stewart, Montreal, Canada. 
Charles G. Stockton, Buffalo, N. Y. 
James Tyson, Philadelphia, Pa. 
Victor C. Vaughan, Ann Arbor, Mich. 
James T. Whittaker, Cincinnati, O. 
J. C. Wilson, Philadelphia, Pa. 



** As a work either for study or reference it will be of great value to the practitioner, as 
it is virtually an exposition of such clinical therapeutics as experience has taught to be of 
the most value. Taking it all in all, no recent publication on therapeutics can be compared 
• with this one in practical value to the working physician." — Chicago Clinical Review. 

"The whole field of medicine h.as been well covered. The work is thoroughly practical, 
and while it is intended for practitioners and students, it is abetter book for the general 
practitioner than for the student. The young practitioner especially will find it extremely 
suggestive and helpfuL" — The Indian Lancet. 
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*AN AMERICAN TEXT-BOOK OF OBSTETRICS. Edited by 
Richard C. Norris, M. D. ; Art Editor, Robert L. Dickinson, M. D. 
One handsome octavo volume of over looo pages, with nearly 900 colored 
and half-tone illustrations. Prices : Cloth, JJJy.oo net ; Sheep or Half 
Morocco, $8.00 net. 

The advent of each successive volume of the series of the American Text- 
Books has been signalized by the most flattering comment from both the Press 
and the Profession. The high consideration received by these text-books, and 
their attainment to an authoritative position in current medical literature, have 
been matters of deep international interest, which finds its fullest expression in 
the demand for these publications from all parts of the civilized world. 

In the preparation of the "American Text-Book of Obstetrics" the 
editor has called to his aid proficient collaborators whose professional prominence 
entitles them to recognition, and whose disquisitions exemplify Practical 
Obstetrics. While these writei-s were each assigned special themes for dis- 
cussion, the correlation of the subject-matter is, nevertheless, such as ensures 
logical connection in treatment, the deductions of which thoroughly represent 
the latest advances in the science, and which elucidate the best modern methods 
of procedure. 

The more conspicuous feature of the treatise is its wealth of illustrative 
matter. The production of the illustrations had been in progress for several 
years, under the personal supervision of Robert L. Dickinson, M. D., to whose 
artistic judgment and professional experience is due the most sumptuously 
illustrated work of the period. By means of the photographic art, combined 
with the skill of the artist and draughtsman, conventional illustration is super- 
seded by rational methods of delineation. 

Furthermore, the voliftne is a revelation as to the possibilities that may be 
reached in mechanical execution, through the unsparing hand of its publisher. 



CONTRIBUTORS : 



Dr. James C. Cameron. 
Edward P. Davis: 
Robert L. Dickinson. 
Charles Warrington Earle. 
James H. Etheridge. 
Henry J. Garrigues. 
Barton Cooke Hirst. 
Charles Jewett. 



Dr. Howard A. Kelly. 
Richard C. Norris. 
Chauncey D. Palmer. 
TheophiUis Parvin. 
George A, Piersol. 
Edward Reynolds. 
Henry Schwarz. 



"At first glance we are overwhelmed by the magnitude of this work in several respects, 
viz. : First, by the size of the volume, then by the array of eminent teachers in this depart- 
ment who have taken part in its production, then by the profuseness and character of the 
illustrations, and last, but not least, the conciseness and clearness with which the text is ren- 
dered. This is an entirely new composition, embodying the highest knowledge of the art as 
it stands to-day by authors who occupy the front rank in their specialty, and there are many 
of them. We cannot turn over these pages without being struck by the superb illustrations 
which adorn so many of them. We are confident that this must practical work will find 
instant appreciation by practitioners as well as students." — New York Medical Times. 

Permit me to say that your American Text-Book of Obstetrics is the most magnificent 
medical work that 1 have ever seen. I congratulate you and thank you for this superb work 
which alone is sufficient to place you first in the ranks of medical publishers. 

With profound respect I am sincerely yours, Alex. J. C. Skbkb. 
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AN AMERICAN TEXT-BOOK OF THE THEORY AND 
PRACTICE OF MEDICINE. By American Teachers. Edited 
by William Pepper, M. D., LL.D., Provost and Professor of the Theory 
and Practice of Medicine and of Clinical Medicine in the University of 
Pennsylvania. Complete in two handsome royal -octavo volumes of about 
looo pages each, with illustrations to elucidate the text wherever necessary. 
Price per Volume : Cloth, $5.00 net ; Sheep or Half-Morocco, ^6.00 net. 



VOI^VME I. CONTAIirft: 



Hygiene.— Fevers (Ephemeral, Simple Con- 
tinued, Typhus, Typhoid, Epidemic Cerebro- 
«pinal MeningitM, and Relapsing). — Scarla- 
ana. Measles, Rotheln, Variola, Varioloid, 
Vjiccinia..Varicella,Mumps,Whooping-cou9h, 
Anthrax. Hydrophobia, Trichinosis. Actino- 1 



mycosis. Glanders, and Tetanus. — Tuberco- 
loiis. Scrofula, Syphilis, Diphtheria, Erysip^ 
las. Malaria, Cholera, and Yellow Fever.— 
Nervous, Muscular, and Mental Diseases etc. 



TOJLIIIIE II. CONTAIBTAs 



Urine fOhemistry and Microscopy). — Kid- 
ney and Lungs. — Air-passages (Larynx and 
Bronchi) and Pleura. — Pharynx, (Esophagus, 
Stomach and Intestines (including Intestinal 
Parasites), Heart, Aorta, Arteries and Veins. 



— Fentcneum, Liver. and Pancreas. — Diathet- 
ic Diseases (Rheumatism, Rheumatoid Ar- 
thritis, Oout, Liihaemia, and Diabetes.) — 
Blood and Spleen. — Inflammation, Embolism, 
Thromb<»is, Fever, and Bacteriology. 



The articles are not written as though addressed to students in lectures, but 
are exhaustive descriptions of diseases, with the newest facts as regards Causa- 
tion, Symptomatology, Diagnosis, Prognosis, and Treatment, including a large 
number of approved formulae. The recent advances made in the study 
of the bacterial origin of various diseases are fully described, as well as the 
bearing of the knowledge so gained xrpow prevention, and cure. The subjects 
of Bacteriology as a whole and of Immunity are fully considered in a scoarace 
section. 

Methods of diagnosis are given the most mmute and careiul attention, thus 
enabling the reader to learn the very latest methods of investigation without 
consulting works specially devoted to the subject. 



CONTRIB VTOlUl « 



th. J. S. Billings Philadelphia. 
Francis Delaneld, New York. 
Reginald H. Fitz, Boston. 
James W. Holland, Philadelphia. 
Henry M. Lyman, Chicago. 
William Osier. Baltimore 



W. Oilman Thompson, New York. 
W. H. Welch, Baltimore. 
James T. Whituker, Cincinnati. 
James C. Wilson, Philadelphia. 
Horatio C. Wood, Philadelphia. 



'' We reviewed the first volume of tnis work, and said : ' It is undoubtedly one oi tne best 
text-books on the practice ot medicine which we possess.' A consideration of the second 
•uid last volume leads us to modify that verdict and to say that the completed work is, in our 
opinion, thb bbst of its kind it has ever been our fortune to see. It is complete, thorougn. 
accurate, and clear. It is well written, well arranged, well printed, well illustrated, and well 
bound. It is a model of what the modern text-book should be."— iV>w York Medical youmml, 

* ' A libiary upon modem medical art. The work must promote the wider diffusion ef 
sound knowledge." — Anurican Lanc^*. 

** A tnistv counsellor for the practitioner or senior student, on wiiich he mav ininHcifW 
.iciv '' — Ldinhurtrk Medicai "^otif^^l 
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♦AN AMERICAN TEXT-BOOK OF SURGERY. Edited by Wil- 
liam W. Keen, M. D., LL.D., and J. William White, M. D., Ph. D. 
Forming one handsome royal octavo volume of 1230 pages (10x7 inches), 
with 496 wood-cuts in text, and 37 colored and half-tone plates, many of 
them engraved from original photographs and drawings furnished by the 
autnors. Price : Cloth, $7.00 net ; Sheep or Half Morocco, |58.oo net. 

THIRD EDITION. THOROUQHLT REVI8BD. 

In the present edition, among the new topics introduced are a full considera- 
tion of serum-therapy; leucocytosis ; post-operative insanity; the use of dry heat 
at high temperatures; Krdnlein's method of locating the cerebral fissures; 
Hoffa's and Lorenz's operations of congenital dislocations of the hip; Allis's re- 
searches on dislocations of the hip-joint ; lumbar puncture ; the forcible reposi- 
tion of the spine in Pott's disease ; the treatment of exophthalmic goiter ; the 
surgery of typhoid fever ; gastrectomy and other operations on the stomach ; 
new methods of operating upon tlie intestines ; the use of Kelly's rectal specula ; 
the surgery of the ureter ; Schleich's infiltration-method and the use of eucain 
for local anesthesia ; Krause's method of skin-grafting ; the newer methods of 
disinfecting the hands ; the use of gloves, etc. The sections on Appendicitis, 
on Fractures, and on Gynecological Operations have been revised and enlarged. 
A considerable number of new illustrations have been added, and enhance the 
value of the worK. 

The text of the entire book has been submitted to all the authors for their 
mutual criticism and revision — an idea in book-making that is entirely new and 
onginal. The book as a whole, therefore, expresses on all the important sur- 
gical topics of the ddy the consensus of opinion of the eminent surgeons who 
have joined in its preparation. 

One of the most attractive features of the book is its illustrations. Very 
many of them are original and faithful reproductions of photographs taken 
directly from patients or from specimens. 

CONTRIB17T01I8 : 



Dr. Phineas S. Conner, Cincinnati. 
Frederic S. Dennis, New York. 
William W. Keen, Philadelphia. 
Charles B. Nancrede, Ann Arbor. Mich. 
Roswell Park. Buffalo, New York. 
Lewis S. Pilcher. New York. 



Dr. Nicholas Senn, Chicago. 

Francis J. Shepherd, Montreal, Canada. 

Lewis A. Siimson, New York. 

J. Collins Warren, Boston. 

J. William White, Philadelphia. 



" If .'his text-book is a fair reflex of the present position of American surgery, we must 
admit it is of a very high order of merit, and that English surgeons will have to look very 
carefully to their laurels if they are to preserve a position in the van of surgical practice."— 
London Lancet. 

P.ersonally, I should not mind it being called THE Tkxt-Book (instead of A Text- Book), 
for 1 know ot no single volume which contains so readable and complete an account of the 
science and art of Surgery as this does. " — Edmund Owbn, F. R. C. S., Member o/the Board 
of Examiners of the Royal College 0/ Surgeons ^ Enxiand. 
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* AN AMERICAN TEXT-BOOK OF GYNECOLOGY, MEDICAL 
AND SURGICAL, for the use of Students and Practitioners. 
Edited by J. M, Baldy, M. D. Forming a handsome royal-octavo volume 
of 718 pages, with 341 illustrations in the text and 38 colored and half- 
tone plates.' Prices : Cloth, $6.00 net; Sheep or Half-Morocco, j^7.oo net. 

SECOND EDITION, THOROUQHLT REVISED. 

In this volume all anatomical descriptions, excepting those essential to a clear 
underetanding of the text, have been omitted, the illustrations being largely de- 
pended upon to elucidate the anatomy of the parts. This work, which is 
thoroughly practical in its teachings, is intended, as its title implies, to be a 
working text-book for physicians and students. A clear line of treatment has 
been laid down in every case, and although no attempt has been made to dis- 
cuss mooted points, still the most important of these have been noted and ex- 
plained. The operations recommended are fully illustrated, so that the reader, 
having a picture of the procedure described in the text under his eye, cannot fail 
to grasp the idea. All extraneous matter and discussions have been carefully 
excluded, the attempt being made to allow no unnecessary details to cumber 
the text. The subject-matter is brought up to date at every point, and the 
work is as nearly as possible the combined opinions of the ten specialists who 
figure as the authors. 

In tne revised edition much new material has been added, and some of the 
old eliminated or modified. More than forty of the old illustrations have been 
replaced by new ones, which add very materially to the elucidation of the 
text, as they picture methods, not specimens. The chapters on technique and 
after-treatment have been considerably enlarged, and the portions devoted to 
plastic work have been so greatly improved as to be practically new. Hyste- 
rectomy has been rewritten, and all the descriptions of operative procedures 
have been carefully revised and fully illustrated. 



CONTRIBUTORS I 



Dr. Henry T. Byford. 
John M. Baldy. 
£<iwin Cragin. 
I. H. Ethcridge. 
NVUliam Goodell. 



Dr. Howard A. Kelly. 
Florian Krug. 
E. E. Montgomery. 
William R. Pryor. 
George M. Tutrie. 



" TKe most notable contribution to gynecological literature since 1887, . . . . and the most 
complete exponent of gynecology which we have. No subject seems to have been neglected, 
.... and the gynecologist and sureeon, and the general practitioner who hsLs any desire 
to practise diseases of women, will find it of practical value. In the matter of illustrations 
and plates the book surpasses anything we have seen."— 5tfj/tf» Medical and Surgical 
Journal, 

" A thoroughly modem text-book, and gives reliable and well-tempered advice anA in- 
struction." — Bdtnburgk Medical Journal. 

*• The harmony of its conclusions and the homogeneity of its style give it an individuality 
which suggests a single rather than a multiple authorship."-— .«4»«w/y 0/ Surgery, 

" It must command attention and respect as a worthy representation of our advanced 
clinical teaching."— i4Mrrftra» Journal 0/ Medical Scienctt, 
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*AN AMERICAN TEXT-BOOK OF THE DISEASES OF CHIL- 
DREN. By American Teachers. Edited by Louis Starr, M. D., 
assisted by Thompson S. Westcott, M. D. In one handsome r«yal-8vo 
volume of 1244 pages, profusely illustrated with wood-cuts, half-tone and 
colored plates. Net Prices : Cloth, jJJy.oo; Sheep or Half- Morocco, ;^8.oo. 

SECOND EDITION, REVISED AND ENLARGED. 

The plan of this work embraces a series of original articles written by some 
sixty well-known paediatrists, representing collectively the teachings of the most 
prominent medical schools and colleges of America. The work is intended to 
be a PRACTICAL book, suitable for constant and handy reference by the practi- 
tioner and the advanced student. 

Especial attention has been given to the latest accepted teachings upon the 
etiology, symptoms, pathology, diagnosis, and treatment of the disorders of chil- 
dren, with the introduction of many special formulae and therapeutic procedures. 

In this new edition the whole subject matter has been carefully revised, new 
articles added, some original papers emended, and a number entirely rewritten. 
The new articles include "Modified Milk and Percentage Milk-Mixtures," 
" Lithemia," and a section on " Orthopedics." Those rewritten are " Typhoid 
Fever," "Rubella," "Chicken-pox," "Tuberculous Meningitis," "Hydroceph- 
alus," and "Scurvy;" while extensive revision has been made in "Infant 
Feeding," " Measles," " Diphtheria," and " Cretinism." The volume has thus 
been much increased in size by the introduction of fresh material. 

CON TBIB1JTORS 1 



Dr. S. S. Adams, Washington. 

John Ashhurst, Jr., Philadelphia. 
A. D. Blackader, Montreal, Canada. 
David Bovaird, New York, 
Dillon Brown, New York. 
Edward M. Buckingham, Boston. 
Charles W. Burr, Philadelphia. 
W. E. Casselberry, Chicago. 
Henry Dwight Chapin, New York. 
W. S. Christopher, Chicago. 
Archibald Church, Chicago. 
Floyd M. Crandall, New York. 
Andrew F. Currier, New York. 
Roland G. Curtin, Philadelphia 
T. M. DaCosta, Philadelphia. 
1. N. Danforth, Chicago. 
Edward P. Davis, Philadelphia. 
John B, Deaver, Philadelphia. 
G. E. dc Schweinitz, Philadelphia. 
John Doming, New York. 
Charles Warrington E^rle, Chicago. 
Wm. A. Edwards, San Diego, Cal. 
F. Forchheimer, Cincinnati. 
I. Henry Fruitnight, New York. 
J. P. Crozer Griffith, Philadelphia. 
W. A. Hardaway. St. Louis. 
M. P Hatfield, Chicago. 
Barton Cooke Hirst, Philadelphia. 
H. Illoway, Cincinnati. 
Hcnrv Jackson, Boston. 
Charles G. Jennings, Detroit 
Henry KopIik« New York. 



Dr. Thomas S. Latimer, Baltimore. 
Albert R. Leeds, Hobokcn, N. J. 
J. Hendrie Lloyd, Philadelphia. 
George Roe Lockwood, New York. 
Henry M. Lyman, Chicago. 
Francis T. Miles, Baltimore. 
Charles K Mills, Philadelphia. 
James E. Moor«, Minneapolis. 
F. Gordon Morrill, Boston. 
John H. Musser, Philadelphia. 
Thomas R. Neilson, Philadelphia. 
W. P. Nortbrup, New York. 
William Osier, Baltimore. 
Frederick A. Packard, Philadelphia. 
William Pepper, Philadelphia. 
Frederick Peterson, New York. 
W. T. Plant, Syracuse, New York. 
William M. Powell, Atlantic City. 
B. K. Rachford, Cincinnati. 
B. Alexander Randall, Philadelphia. 
Edward O. Shakespeare, Philadelphia 
F. C. Shattuck, Boston. 

L Lewis Smith, New York, 
uis Starr, Philadelphia. 
M. Allen Starr, New York. 
Charles W. Townsend, Boston, 
lames Tyson, Philadelphia. 
W. S. Thayer, Baltimore. 
Victor C. Vauehan, Ann Arbor, Mich 
Thompson S. Westcott, Philadelphia. 
Henry R. Wharton, Philadelphia. 
1 William White, Philadelphia. 
J. C. Wilson, PhUadelphia. 
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* AN AMERICAN TEXT-BOOK OF GENITO-URINARY AND 
SKIN DISEASES. By 47 Eminent Specialists and Teachers. Edited 
by L. Bolton Bangs, M. D., Professor of Genito-Urinary Surgery, Uni- 
versity and Bellevue Hospital Medical College, New York ; and W. A. 
Hardaway, M. D., Professor of Diseases of the Skin, Missouri Medical 
College. Imperial octavo volume of 1229 pages, with 300 engravings and 
20 full-page colored plates. Qoth, S7.00 net; Sheep or Half Morocco, 
$8.00 net 

This addition to the series of ** American Text-Books," it is confidently be- 
lieved, will meet the requirements of both students and practitioners, giving, as 
it does, a comprehensive and detailed presentation of the Diseases of the 
Genito-Urinary Organs, of the Venereal Diseases, and of the Affections of the 
Skin. 

Having secured the collaboration of well-known authorities in the branches 
represented in the undertaking, the editors have not restricted the contributors 
iu regard to the particular views set forth, but have offered every facility for the 
free expression of their individual opinions. The work will therefore be found 
to be original, yet homogeneous and fully representative of the several depart- 
ments of medical science with which it is concernea. 



CONTBIB VTORS t 



Dr. Chas. W. Allen, New York. 
I..E, Atkinson, Baltimore. 
L Bolton Bangs, New York. 
P. R. Bolton, New York. 
Lewis C. Bosher, Richmond, Va. 

John T. Bowen, Boston. 
. Abbott Cantrell, Philadelphia, 
l^illiam T. Corlett, Cleveland, Ohio. 
B. Farquhar Curtis, New York. 
Condict W. Cutler, New York. 
Isadore Dyer, New Orleans. 
Christian Fenger, Chicago. 
John A. Fordyce, New York. 
Eugene Fuller, New York. 
R. H. Greene, New York. 
Joseph Grindon, St. Louis. 
Graeme M. Hammond, New York. 
W. A. Hardaway, St. Louis. 
M. B. Hartxell, Philadelphia. 
Louis Heitzmann, New York. 
James S. Howe, Boston. 
Georee T. Jackson, New York. 
Abraham Jacobi, New York. 
James C. "lohnsion. New Yorl:. 



Dr. Hermann G. Klotz, New \orV. 
J. H. Linsley, Burlington, V t 
G. F. Lydston, Chicago. 
Hartwell N. Lyon, St. Louis. 
Edward Martin, Philadelphia. 
D. G. Montgomery, San Francisco. 
• James Pedersen, New York. 
S. PoUitzer, New York. 
Thomas R. Pooley, New York. 
A. R. Robinson, New York. 
A. E. Regensburger, SanF'rancisco. 
Francis J. Shepherd, Montreal, Ca«. 
S. C. Stanton, Chicago, ill. 
Emmanuel J. Stout, Philadelphia. 
Alonzo E. Taylor. Philadelphia. 
Robert W. Taylor, New York. 
Paul Thorndike, Boston. 
H. Tuholske, St. Louis. 
Arthur Van Harlingen, Philadelphia. 
Francis S. Watson, Boston. 
J. William White, Philadelphia. 
J. McF. Winfield. Brooklyn. 
Alfred C. Wood, Philadelonia. 



" This voluminous work is thoroughly up to date, and the chapters on genito-unnary ais- 
eases are especially valuable. The illustrations are fine and are mostly original. The section 
on dermatology is concise and in every way Sidxn'irAhlc." —Journa/ of the American Medical 
Association. 

" This volume is one of the best yet issued of the publisher's series of ' American Text- 
Books.' The list of contributors represents an extraordinary array of talent and extended 
experience. The book will easily take the place in comprehensiveness and value of the 
half dozen or more costly works on these subjects which have hitherto been necessary to « 
well-equipped library." — Nezu York Polvclinic. 
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* AN AMERICAN TEXT-BOOK OF DISEASES OF THE EYE, 
EAR, NOSE, AND THROAT. Edited by George E. de Schweinitz, 

A. M., M. D., Professor of Ophthalmology, Jefferson Medical College ; and 

B. Alexander Randall, A. M., M. D., Clinical Professor of Diseases of 
the Ear, University of Pennsylvania. One handsome imperial octavo 
volume of 1251 pages; 766 illustrations, 59 of them colored. Prices: 
Clotli, A7.00 net; Sheep or Half- Morocco, $8.00 net. 

Just Issued. 

The present work is the only book ever published embracing diseases of the 
intimately related organs of the eye, ear, nose, and throat. Its special claim 
to favor is based on encyclopedic, authoritative, and practical treatment ot the 
subjects. 

Each section of the book has been entrusted to an author who is specially 
identified with the subject on which he writes, and who therefore presents his 
case in the manner of an expert. Uniformity is secured and overlapping pre- 
vented by careful editing and by a system of cross-references which forms a 
special feature of the volume, enabling the reader to come into touch with all 
that is said on any subject in different portions of the book, 

Pai-ticular emphasis is laid on the most approved methods of treatment, so 
that the book shall be one to which the student and practitioner can refer for 
information in practical work. Anatomical and physiological problems, also, 
are fully discussed for the benefit of those who desire to investigate the more 
abstruse problems of the subiect 
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«AN AMERICAN YEAR-BOOK OP MEDICINE AND SUR- 
GERY. A Yearly Digest of Scientific Progress and Authoritative 
Opinion in all branches of Medicine and Surgery, drawn from journals* 
monographs, and text-books of the leading American and Foreign authors 
and investigators. Collected and arranged, with critical editorial com- 
ments, by eminent American specialists and teachers, under the general 
editorial charge of George M. Gould, M. D, Volumes for 1896, '97, 
'98, and '99 each a handsome imperial octavo volume of about 1200 pages. 
Prices : Cloth, t^.^O net ; Half-Morocco, $7.50 net. Year-Book for 1900 in 
two octavo volumes of about 600 pages each. Prices per volume : Cloth, 
$3.00 net; Half- Morocco, $3.75 net. 

In Two Volumes* No Increase in Price* 

In response to a widespread demand from the medical profession, the pub- 
lisher of the "American Year-Book of Medicine and Surgery" has decided to 
issue that well-known work in two volumes, Vol. I. treating of General Medi- 
cine, Vol. II. of General Surgery. Each volume is complete in itself, and 
the work is sold either separately or in sets. 

This division is made in sucli a way as to appeal to physicians from a class 
standpoint, one volume being distinctly medical, and the other distinctly surgi- 
cal. This arrangement has a two-fold advantage. To the physician who uses 
the entire book, it offers an increased amount of matter in the most convenient 
form for easy consultation, ajid without any increase in price; while the man 
who wants either the medical or the surgical section alone secures the complete 
consideration of his branch without the necessity of purchasing matter for which 
he has no use. 

CONTRIBUTORS : 



Vol. I. 
Dr. Samuel W. Abbott, Boston. 
Archibald Church, Chicago 
Louis A. Duhring, Philadelphia. 
D. L. Edsall, Philadelphia. 
Alfred Hand, Jr., Philadelphia. 
M. B. Hartzell, Philadelphia. 
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David Riesman, Philadelphia. 
Louis Starr, Philadelphia. 
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G. N. Stewart. Cleveland. 
Reynold W. Wilcox, New York City. 

*' It is difficult to know which to admire most— the research and industry of the distin- 
guished band of experts whom Dr. Gould has enlisted in the service of the Year-Book, or the 
wealth and abundance of the contributions to every department of science that have been 
deemed worthy of analysis. ... It is much more than a mere compilation of abstracts, for, 
as each section is entrusted to experienced and able contributors, the reader has the advan- 
tage of certain critical commentaries and expositions . . . proceeding from writers fully 
qualified to perform these tasks. ... It is emphatically a book which should find a place in 
evtry medical library, and is in several respects Hiore useful than, the famous ' Jahrbuchei: ■ 
j>f Germany." — London Lamft, 



Vol. II. 
Dr. J. Montgomery Baldy, Philadelphia. 
Charles H. Burnett, Philadelphia. 
J. Chalmers DaCosta, Philadelphia. 
W. A. N. Dorland, Philadelphia. 
Virgil P. Gibney, New York City. 
C. H. Hamann, Cleveland. 
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Barton Cooke Hirst, Philadelphia. 
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Henry G. Ohls, Chicago. 
Wenclell Reber, Philadelphia. 
J. Hilton Waterman, New York City. 
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* ANOMALIES AND CURIOSITIES OF MEDICINE. By Georgb 
M. Gould, M.D., and Walter L. Pyle, M.D. An encyclopedic collec- 
tion of are and extraordinary cases and of the most striking instances of 
abnormality in all branches of Medicine and Surgery, derived from an ex- 
haustive research of medical literature from its origin to the present day, 
abstracted, classified, annotated, and indexed. Handsome imperial octavo 
volume of 968 pages, with 295 engravings in the text, and 12 full-page 
plates. Cloth, $3.00 net ; Half-Morocco, $4.00 net. 

POPULAR EDITION REDUCED FROM $6*00 to $3*00* 

In view of the greatsuccess of this magnificent work, the publisher has decided 
to issue a " Popular Edition " at a price so low that it may be procured by every 
student and practitioner of medicine. Notwithstanding the great reduction in 
price, there will be no depreciation in the excellence of typography, paper, and 
binding that characterized the earlier editions. 

Several years of exhaustive research have been spent by the authors in the 
great medical libraries of the United States and Europe in collecting the mate- 
rial for this work. Medical literature of all ages and all languages has 
been carefully searched, as a glance at the Bibliographic Index will show. The 
facts, which will be of extreme value to tl^ author and lecturer, have been 
arranged and annotated, and full reference footnotes given. 

** One of the most valuable contributions ever made to medical literature. It is, so far a» 
we know, absolutely unique, and every page is as fascinating as a novel. Not alone for the 
medical profession has this volume value : it will serve as a book of reference for all who are 
interested in general scientific, sociologic, or medico-legal topics." — Brooklyn Medical your- 
Hal. 

NERVOUS AND MENTAL DISEASES. By Archibald Church, 
M. D., Professor of Clinical Neurology, Mental Diseases, and Medical 
Jurisprudence, Northwestern University Medical School; and Frederick 
Peterson, M. D., Clinical Professor of Mental Diseases, Woman's Medi- 
cal College, New York. Handsome octavo volume of 843 pages, with 
over 300 illustrations. Prices: Cloth, iS^S-OO net; Half- Morocco, ;J{6.oo 
net. 

Second Edition, 

This book is intended to furnish students and practitioners with a practical, 
working knowledge of nervous and mental diseases. Written by men of wide 
experience and authority, it presents the many recent additions to the subject. 
The book is not filled with an extended dissertation on anatomy and pathology, 
but, treating these points in connection with special conditions, it lays particular 
stress on methods of examination, diagnosis, and treatment. In this respect the 
work is unusually complete and valuable, laying down the definite courses of 
procedure which the authors have found to be most generally satisfactory. 

**Thc work is an epitome of what is to-day known of nervous diseases prepared for the 
student and practitioner in the light of the author's experience . . . Wc believe that no work 
presents the difficult subject of insanity in si^ch a reasonable and readable way." — Chicago 
^fdical Refordfr, 
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THE TREATMENT OF FRACTURES. By Chas. L. Scudder, 
M. D., Assistant in Clinical and Operative Surgery, Harvard Medical 
School. Octavo, nearly 600 original illustrations. Cloth, $4.50 net. 

Just Issued, 

This book is intended to serve as a guide to the practitioner and student in 
the treatment of fractures of bones, being a practical statement of the generally 
recognized methods of dealing with fractures. The attention of the student is 
diverted from theories to the actual conditions that exist in fractured bones, and 
he is encouraged to determine for himself how to meet the conditions found in 
each individual case. Methods of treatment are described in minute detail, 
and the reader is not only told, but is showriy how to apply apparatus, for, as far 
as possible, all the details are illustrated. 

DISEASES OF THE NOSE AND THROAT. ByD. BradenKyle, 
M. D., Clinical Professor of Laryngology and Rhinology, Jefferson Medi- 
cal College, Philadelphia. Octavo volume of 646 pages, 175 illustrations, 
and 6 lithographic plates. Cloth, ^^4.00 net ; Half-Morocco, %^jyo net. 

eTiwf Issued. 

This book presents the subject of Diseases of the Nose and Throat in as con- 
cise a manner as is consistent with clearness, keeping in mind the needs of the 
student and general practitioner as well as those of the specialist. The arrange- 
ment and classification are based on modem pathology. With the practical pur- 
pose of the book in mind, extended consideration has been given to details of 
treatment, each disease being considered in full, and definite courses being laid 
down to meet special conditions and symptoms. 

" It is a thorough, full, and systematic treatise, so classified and arranged as greatly to facili- 
tate the teaching of laryngology and rhinology to classes, and must prove most convenient 
and satisfactory as a reference book, both for students and praLCtitioners/'—Inf ernaiionad 
Medical Magazine. 

THE HYGIENE OF TRANSMISSIBLE DISEASES : their Causa- 
tion, Modes of Dissemination, and Methods of Prevention. By 
A. C. Abbott, M. D., Professor of Hygiene in the University of Pennsyl- 
vania; Director of the Laboratory of Hygiene. Octavo volume of 311 
pages, with charts and maps, and numerous illustrations. Cloth, $2.00 net. 

Just Issued. 

It is not the purpose of this work to present the subject of Hygiene in the 
comprehensive sense ordinarily implied by the word, but rather to deal directly 
with but a section, certainly not the least important, of the subject — viz., that 
embracing a knowledge of the preventable specific diseases. Incidentally there 
are discussed those numerous and varied factors that have not only a direct 
bearing upon the incidence and suppression of such diseases, but are of general 
sanitary importance as well. 

** The work is admirable in conception and no less so in execution. It is a practical work, 
simply and lucidly written, and it should prove a most helpful aid in that department of 
medicine which is becoming daily of increasing importance $ind application — namely, prophy- 
\9^jl\^r— Philadelphia Medical /ournal, ^ ^- ' 
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A TEXT-BOOK OF EMBRYOLOGY. By John C. Heisler, M. D., 
Professor of Anatomy in the Medico- Chirurgical College, Philadelphia. 
Octavo volume of 405 pages, with 190 illustrations, 26 in colors. Cloth. 
$2.50 net. 

Just Issued. 

The facts of embryology having acquired in recent years such great interest 
in connection with the teaching and with the proper comprehension of human 
anatomy, it is of first importance to the student of medicine that a concise and 
yet sufficiently full text-book upon the subject be available. It was with the 
aim of presenting such a book that this volume was written, the author, in his 
experience as a teacher of anatomy, having been impressed with the fact that 
students were seriously handicapped in their study of the subject of embryology 
by the lack of a text-book full enough to be intelligible, and yet without that 
minuteness of detail which characterizes the larger treatises, and which so often 
serves only to confuse and discourage the beginner. 

*' In short, the book is written to fill a want which has distinctly existed and which it 
definitely meets ; commendation greater than this it is not possible to give to anything." — 
Medical News, New York. 

A MANUAL OF DISEASES OF THE EYE. By Edward Jack- 
son, A. M., M. D., sometime Professor of Diseases of the Eye in the Phila- 
delphia Polyclinic and College for Graduates in Medicine. l2mo, 604 
pages, with 178 illustrations from drawings by the author. Cloth, $2.50 net. 

pTitst Issued, 

This book is intended to meet the needs of the general practitioner of medi- 
cine and the beginner in ophthalmology. More attention is given to the condi- 
tions that must be met and dealt with early in ophthalmic practice than to the 
rarer diseases and more difficult operations that may come later. 

It is designed to funiish efficient aid in the actual work of dealing with dis- 
ease, and therefore gives the place of first importance to the recognition and 
management of the conditions that present themselves in actual clinical work. 

LECTURES ON THE PRINCIPLES OF SURGERY. By Charles 
B. Nancrede, M. D., LL.D., Professor of Surgery and of Clinical Surgery, 
Univereity of Michigan, Ann Arbor. Handsome octavo, 398 pages, illus- 
trated. Cloth, ^^2.50 net. 

Just Issued. 

The present book is based on the lectures delivered by Dr. Nancrede to his 
undergraduate classes, and is intended as a text-book for students and a practi- 
cal help for teachers. By the careful elimination of unnecessary details of 
pathology, bacteriology, etc., which are amply provided for in other courses of 
study, space is gained for a more extended consideration of the Principles of 
Surgery in themselves, and of the application of these principles to methods 
of practice. 
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FRACTURES. By Carl Beck, M. D., Surgeon to St. Mark's Hospital and 
the New York Gennan Poliklinik, etc 225 pages, 170 illustrations. 
Price: Cloth, $3.50 net. 

In this book the author devotes particular attention to the value of X-rays in 
dii^nosing different varieties of fractures. This comparatively new field Dr. 
Beck has made practically his own, and the large number of skiagraphs that 
appear in the work have been pronounced by competent critics the finest speci- 
mens of such work in existence. 

A TEXT-BOOK OF PATHOLOGY. By Alfred Stengei^ M. D., 
Professor of Clinical Medicine in the University of Pennsylvania; Physi- 
cian to the PhUadelphia Hospital; Physician to the Children's Hospital, 
Philadelphia, Handsome octavo volume of 848 pages, with 362 illustra- 
tions, many of which are m colors. Prices : Cloth, I4.00 net ; Half- 
Morocco, ^5.00 net. 

Second Edition. 

In this work the practical application of pathological facts to clinical medicine 
is considered more fully than is customary in works on pathology. While the 
subject of pathology is treated in the broadest way consistent with the size of 
the book, an effort has been made to present the subject from the point of view 
of the clinician. The general relations of bacteriology to pathology are dis- 
cussed at considerable length, as the importance of these branches deserves. 

^ •* I consider the work abreast of modem pathology, and useful to both students and prac- 
titioners. It presents in a concise and well-considered form the essential facts of general and 
special pathological anatomy, with more than usual emphasis upon pathological physiology.' 
— WiLUAM H. Welch, Professor 0/ Pathology, Johns Hopkins UniversUy, Baltimore, Md. 

A TEXT-BOOK OF OBSTETRICS. By Barton Cooke Hirst, M.D., 
Professor of Obstetrics in the University of Pennsylvania. Handsome oc- 
tavo volume of 846 pages, with 618 illustrations and seven colored plates. 
Prices: Cloth, J5.00 net; Half- Morocco, $6.00 net 

Second Etlition* 

This work, which has been in course of preparation for several years, is in- 
lended as an ideal text-book for the student no less than an advanced treatise 
f aLv ° . ^^^"^'^" and for general practitioners. It represents the very latest 
™^„ "^ T ^ practice of obstetrics by a man of extended experience and 
^3h'^1 *^"^^^!'»ty. The book emphasizes especially, as a work on obstetrics 
lame rU w.P'*'' i^'n ^'"^^ ^^ *^« subject, and to tbis end presents an unusually 
rnFthe ll^^i" ^^"s^'ations. A great number of these are new and original, 
ana the whole collection will form a complete atlas of obstetrical practice. 

first time!""Th? arran^^m^en?*?"! *"^ a"^* ^o^ks of art, many of them appearing for the 
criticism. The authors Vtvi fK ^ubject-matter, the foot-notes, and index are beyond 
necessary to re-read a sentJn ' . °"8h condensed, is singularly clear, so that it is never 
modern text-book in ob^tl;J;Xf '!* °r?^*^ '° ^rasp its meaning. As a true model of what a 
bPQk is without a rival ''—A^^i5"4 \l' ^'^ ^""^^ justified in affirming that Dr. Hirst's 
*^*i. ^ew Vork Medice^l He^or^. 
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THE ELEMENTS OF CLINICAL BACTERIOLOGY. By Dr. 

Ernst Levy and Dr. Felix Klemperer, of the University of Strass- 
burg. Translated and edited by A. A. Eshner, M. D., Professor of 
Clinical Medicine, Philadelphia Polyclinic. Octavo, 441 pages, 93 illustra- 
tions. Cloth, $^.^o net. 

This book represents an attempt to group the results of bacteriological inves- 
tigation from a clinical point of view. Bacteriology has become more and more 
an indispensable aid to medical art. It has enlarged our comprehension of the 
nature of infectious diseases, and it has established their prophylaxis, diagnosis, 
and treatment upon a broader basis. The work aims to show how useful to the 
physician, in his double capacity of counselor of the well and coadjutor of the 
sick, are bacteriological thought and action. 

A TEXT-BOOK OF THE PRACTICE OF MEDICINE. By 

James M. Anders, M.D., Ph.D., LL.D., Professor of the Practice of 
Medicine and of Clinical Medicine, Medico-Chirurgical College, Philadel- 
phia. In one handsome octavo volume of 1292 pages, fully illustrated. 
Cloth, I5.50 net ; Sheep or Half- Morocco, |)6.5o net. 

THIRD EDITION, TH0R0U6HLT REVISED. 

The present edition is the result of a careful and thorough revision. A few 
new subjects have been introduced : Glandular Fever, Ether-pneumonia, Splenic 
Anemia, Meralgia Paresthetica, and Periodic Paralysis. The affections that 
have been substantially rewritten are; Plague, Malta Fever, Diseases of the 
Thymus Gland, Liver Cirrhoses, and Progressive Spinal Muscular Atrophy. 
The following aiticles have been extensively revised : Typhoid Fever, Yellow 
Fever, Lobar Pneumonia, Dengue, Tuberculosis, Diabetes Mellitus, Gout, Ar- 
thritis Deformans, Autumnal Catarrh, Diseases of the Circulatory System, etc. 

** The book can be unreservedly recommended to students and practitioners as a safe, full 
compendium of the knowledge of internal medicine of the present day ... It is a work 
thoroughly modem in every sense." — Medical News, New York. 

DISEASES OF THE STOMACH. By William W. Van Valzah, 
M. D., Professor of General Medicine and Diseases of the Digestive System 
and the Blood, New York Polyclinic ; and J. DouGLAS Nisbet, M. D., 
Adjunct Professor of General Medicine and Diseases of the Digestive Sys- 
tem and the Blood, New York Polyclinic. Octavo volume of 674 pages, 
illustrated. Cloth, IJ3.50 net. 

An eminently practical book, intended as a guide to the student, an aid to the 
physician, and a contribution to scientific medicine. It aims to give a complete 
description of the modern methods of diagnosis and treatment of diseases of the 
stomach, and to reconstruct the pathology of the stomach in keeping with the 
revelations of scientific research. 

"This is the most satisfactory work on the subject in the English language." — Chicago 
Medical Recorder. 



22 W. B. SAUNDERS &* CO:S 

SURGICAL DIAGNOSIS AND TREATMENT. By J. W. Mac- 
DONALD, M. D., Edin., F. R. C. S., Edin., Professor of the Practice of Sur- 
gery and of Clinical Surgery in Hamline University ; Visiting Surgeon to St. 
Barnabas' Hospital, Minneapolis, etc. Handsome octavo volume of 800 
pages, profusely illustrated. Cloth, I5.00 net; Half- Morocco, $6.00 net. 
This work aims in a comprehensive manner to furnish a guide in matters of 
surgical diagnosis. It sets forth in a systematic way the necessities of examina- 
tions and the proper methods of making them. The various portions of the 
body are then taken up in order and the diseases and injuries thereof succinctly 
considered and the treatment briefly indicated. Practically all the 'modem and 
approved operations are described with thoroughness and clearness. The work 
concludes with a chapter on the use of the Rdntgen rays in surgery. 

*' The work is brimful of just the kind of practical information that is useful alike to 
students and practitioners. It is a pleasure to commend the book because of its intrinsic 
value to the medical practitioner." — Cincinnati Lancet- Clinic. 

PATHOLOGICAL TECHNIQUE. A Practical Manual for Laboratory 
Work in Pathology, Bacteriology, and Morbid Anatomy, with chapters on 
Post-Mortem Technique and the Performance of Autopsies. By Frank 
B. Mallory, A. M., M. D., Assistant Professor of Pathology, Harvard 
University Medical School, Boston ; and James H. Wright, A. M., M. D.,^ 
Instructor in Pathology, Harvard University Medical School, Boston. Oc- 
tavo volume of 396 pages, handsomely illustrated. Cloth, 1(2.50 net. 
This book is designed especially for practical use in pathological laboratories, 
both as a guide to beginners and as a source of reference for the advanced. The 
book will also meet the wants of practitioners who have opportunity to do general 
pathological work. Besides the methods of post-mortem examinations and of 
bacteriological and histological investigations connected with autopsies, the 
special methods employed in clinical bacteriology and pathology have been 
fully discussed. 

*' One of the most complete works on the subject, and one which should be in the library 
of every physician who hopes to keep pace with the great advances made in pathology." — 
yournal of American Medical Association. 

THE SURGICAL COMPLICATIONS AND SEQUELS OF TY- 
PHOID FEVER. By Wm. W. Keen, M. D., LL.D., Professor of the 
Pirinciples of Surgery and of Clinical Surgery, Jefferson Medical College, 
Philadelphia. Octavo volume of 386 pages, illustrated. Cloth, ^3.00 net. 
This monograph is the only one in any language covering the entire subject 
of the Surgical Complications and Sequels of Typhoid Fever. The work will 
prove to be of importance and interest not only to the general surgeon and phy- 
sician, but also to muny specialists — laryngologists, ophthalmologists, gynecolo- 
gists, pathologists, and bacteriologists — as the subject has an important bearing 
uf)on each one of their spheres. The author's conclusions are based on reports 
of over 1700 cases, including practically all those recorded in the last fifty years. 
Reports of cases have been brought down to date, many having been added 
while the work was in press. 

" This is probably the first and only work in the English language that gives the reader a 
clear view of what tyohoid fever really is, and what it does and can do to the human organ- 
ism. _ This book should be in the possession of every medical man in America." — American 
Medico-Surgical Bulletin, 
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BAODERN SURGERY, GENERAL AND OPERATIVE. By John 
Chalmers DaCosta, M. D., Professor of Practice of Surgery and Clin- 
ical Surgery, Jefferson Medical College, Philadelphia; Surgeon to the Phil- 
adelphia Hospital, etc. Handsome octavo volume of 911 pages, profusely 
illustrated. Cloth, 1^4.00 net; Half- Morocco, 1^5.00 net. 

Second EtlUion, Rewritten and Greatly Enlarged. 

The remarkable success attending DaCosta's Manual of Surgery, and the 
general favor with which it has been received, have led the author in this 
revision to produce a complete treatise on modern surgery along the same lines 
that made the former edition so successful. The book has been entirely re- 
written and very much enlarged. The old edition has long been a favorite not 
only with students and teachers, but also with practising physicians and sur- 
geons, and it is believed that the present work will find au even wider field of 
usefulness. 

" Wc know of no small work on surgery in the English language which so well fnlfils ih-s 
requirements of the modern student," — Medico-Chirurgical Journal ^ Bristol, England. 

" The author has presented concisely and accurately the principles of modern surgery. 
The book is a valuable one which can be recommended to students and is of great value to 
the general practitioner." — American Journal of the Medical Sciences. 

A MANUAL OF ORTHOPEDIC SURGERY. By James E. Moore, 
M.D., Professor of Orthopedics and Adjunct Professor of Clinical Surgery, 
University of Minnesota, College of Medicine and Sui^eiy. Octavo volume 
of 356 pages, with 177 beautiful illustrations fh>m photographs made spec- 
ially for this work. Cloth, 1^2.50 net. 

A practical book based upon the author's experience, in which special stress 
is laid upon early diagnosis and treatment such as can be carried out by the 
general practitioner. The teachings of the author are in accordance with his 
belief that true conservatism is to be found in the middle course between the 
sui^eon who operates too frequently and the orthopedist who seldom operates. 

** A very demonstrative work, every illustration of which conveys a lesson. The work is 

a most excellent and commendable one, which we can certainly endorse with pleasure." 

St. Louis Medical and Surgical Journal. 

ELEMENTARY BANDAGING AND SURGICAL DRESSING. 

With Directions concerning the Immediate Treatment of Cases of Emer- 
gency. For the use of Dressers and Nurses. By Walter Pye, F.R.C.S. 
late Surgeon to St. Mary's Hospital, London. Small i2mo, with over 80 
illustrations. Cloth, flexible covers, 75 cents net. 

This little book is chiefly a condensation of those portions of Pye's " Surgical 
Handicraft" which deal with bandaging, splinting, etc., and of those which 
treat of the management in the first instance of cases of emergency The 
directions given are thoroughly practical, and the book will prove extremely use- 
ful to students, surgical nurses, and dressers. 

" The author writes well, the diagrams are clear, and the book itself is small an-1 ««r»«KU 
although the paper and type are good." -British Medical yournal. portoble. 



24 ^' B, SAUNDERS 6r* CO:S 

A TEXT-BOOK OF MATERIA MEDICA, THERAPEUTICS 
AND PHARMACOLOGY. By George F. Butler, Ph.G., M.D., 
Professor of Materia Medica and of Clinical Medicine in the College of 
Physicians and Surgeons, Chicago; Professor of Materia Medica and 
Therapeutics, Northwestern University, Woman's Medical School, etc 
Octavo, 874 pages, illustrated. Cloth, $4.00 net; Sheep, |>5.oo net. 
Third Edition^ Thoroughly Revised. 
A clear, concise, and practical text-book, adapted for permanent reference no 
less than for the requirements of the class-room. 

The recent important additions made to our knowledge of the physiological 
action of drugs are fully discussed in the present edition. The book has been 
thoroughly revised and many additions have been made. 

*' Taken as a whole, the book may fairly be considered as one of the most satisfactory of any 
single-volume works on materia medica in the market.'*— Journal 0/ the American Medical 
Assoc iati<m. 

TUBERCULOSIS OF THE GENITO-URINARY ORGANS, 
MALE AND FEMALE. By Nicholas Senn, M.D., Ph.D., LL D., 
Professor of the Practice of Surgery and of Clinical Surgery, Rush Medical 
College, Chicago. Handsome octavo volume of 320 pages, illustrated^ 
Cloth, |>3.oo net. 

Tuberculosis of the male and female genito-urinary organs is such a frequent, 
distressing, and fatal affection that a special treatise on the subject appears to 
.fill a gap in medical literature. In the present work the bacteriology of the sub- 
ject has received due attention, the modern resources employed in the differen- 
tial diagnosis between tubercular and other inflammatory affections are fully 
described, and the medical and surgical therapeutics are discussed in detail. 

"An important book upon an important subject, and written by a man of mature judg- 
ment and wide experience. The author has given us an instructive book upon one ol the 
most importanr subjects of the day." — Clinical Reporter. 

" A work which adds another to the many obligations the profession owes the talented 
author;" — Ckicag-o Medical Recorder. 

A TEXT-BOOK OF DISEASES OF WOMEN. By Charles B. 
Penrose, M.D., Ph.D., Professor of Gynecology in the University of 
Pennsylvania; Surgeon to the Gynecean Hospital, Philadelphia. Octavo 
volume of 531 pages, with 217 illustrations, nearly all from drawings made 
for this work. Cloth, ^3.75 net. 

Third Edition^ Revised. 
In this work, which has been written for both the student of gynecolog}' and 
the general practitioner, the author presents the best teaching of modem gyne- 
cology untrammelled by antiquated theories or methods of treatment. In most 
instances but one plan of treatment is recommended, to avoid confusing the 
student or the physician who consults the book for practical guidance. 

" I shall value very highly the copy of Penrose's ' Diseases of Women' received. I have 
already recommended it to my class as THE BEST book." — Howard A. Kblly, Professor 
of Gynecology and Obstetrics , Johns Hopkins University , Baltimore, Md. 

" The book is to be commended without reserve, not only to the student but to the general 
practitioner who wishes to have the latest and best modes of treatment explained with absolute 
clearness." — Therapeutic Gazette. 
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SURGICAL PATHOLOGY AND THERAPEUTICS. By John 
Collins Warren, M. D,, LL.D., Professor of Surgery, Medical Depart- 
ment Harvard University. Handsome octavo, 832 pages, with 136 relief 
and lithographic illustrations, 33 of which are printed in colors. 

Second Edition^ 

with an Appendix devoted to the Scientific Aids to Surgical Diagnosis, and 
a series of articles on Regional Bacteriology. Cloth, $$.QO net; Half- 
Morocco, jf^6.oo net. 

'Without Exception, the Illustrations are the Best ever Seen in a 
Work of this Kind. 

"A most striking and very excellent feature of this book is its illustrations. Without ex- 
ception, from the point of accuracy and artistic merit, they are the best ever seen in a work 
of this kind. ♦ ♦ * Many of those representing microscopic pictures are so perfect in their 
coloring and detail as almost to give the beholder the impression that he is looking down the 
barrel of a microscope at a well-mounted section." — Annals of Surgery, Philadelphia. 

** It is the handsomest specimen of book-making * * • that has ever been i.ssued from the 
American medical press." — American Journal of the Medical Sciences, Philadelphia. 

PATHOLOGY AND SURGICAL TREATMENT OF TUMORS. 

By N. Senn, M. D., Ph. D., LL. D., Professor of Practice of Surgery and 
of Clinical Surgery, Rush Medical College ; Professor of Surgery, Chicago 
Polyclinic. Octavo volume of 718 pages, with 478 illustrations, including 
12 full-page plates in colors. Prices: Cloth, $5.00 net; Half-Morocco, 
jf^6.oo net. 

Second Edition, Revised. 

Books specially devoted to this subject are few, and in our text-books and 
systems of surgeiy this part of surgical pathology is usually condensed to a de- 
gree incompatible with its scientific and clinical importance. The author spent 
many years in collecting the material for this work, and has taken great pains 
to present it in a manner that should prove useful as a text-book for the student, 
a work of reference for the practitioner, and a reliable guide for the surgeon. 

"The most exhaustive of any recent book in English on this subject. It is well illus- 
trated, and will doubtless remain as the principal monograph on the subject in our language 
for some years. The book is handsomely illustrated and printed, .... and the author has 
given a nouble and lasting contribution to surgery." — Journal of the American Medical 
Association, Chicago. 

LECTURES ON RENAL AND URINARY DISEASES. By 

Robert Saundby, M. D., Edin., Fellow of the Royal College of Physicians, 
London, and of the Royal Medico-Chirurgical Society; Physician to the 
General Hospital. Octavo volume of 434 pages, with numerous illustra- 
tions and 4 colored plates. Cloth, $2.50 net. 

**The volume makes a favorable impression at once. The style is clear and succinct. 
We cannot find any part of the subject in which the views expressed are not carefully thought 
out and fortified by evidence drawn from the most recent sources. The book may be cordially 
recommended." — British Medical Journal. 
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A HANDBOOK FOR NURSES. By J. K. Watson, M. D.. Edin.. 
Assistant House-Surgeon, Sheffield Royal Hospital. American Edition, 
under the supervision of A. A. Stevens, A. M., M. D., Professor of 
Pathology, Woman's Medical College, Philadelphia. i2mo, 413 pages, 
73 illustrations. Cloth, $i.SO net. 

This work aims to supply in one volume that information which so many 
nurses at the present time are trying to extract from various medical works, and 
to present that information in a suitable form. Nurses must necessarily acquire 
a certain amount of medical knowledge, and the author of this book has aimed 
judiciously to cater to this need with the object of directing the nurses' pursuit 
of medical information in proper and legitimate channels. The book represents 
an entirely new departure in nursing literature, insomuch as it contains useful 
information on medical and surgical matters hitherto only to be obtained from 
expensive works written expressly for medical men. 

A NEW PRONOUNCING DICTIONARY OF MEDICINE, with 
Phonetic Pronunciation, Accentuation, Etymology, etc. By John 
M. Keating, M. D., LL.D.. Fellow of the College of Physicians of Phila- 
delphia; Editor "Cyclopaedia of the Diseases of Children," etc.; and 
Henry Hamilton, with the Collaboration of J. Chalmers DaCosta, 
M. D., and Frederick A. Packard, M. D. One very attractive volume 
01 over 800 pages. Second Revised Edition. Prices : Cloth, ^5.00 net ; 
Sheep or Half-Morocco, $6.06 net; with Denison's Patent Ready- Refer- 
ence Index; without patent index. Cloth. $400 net; Sheep or Hall- 
Morocco, $5.00 net. 

PROFESSIONAIi OPINIONS. 

" I am much pleased with Keating's Dictionary, and shall take pleasure in recommending 
ic to my classes." 

Hbnky M. Lyman, M. D.. 
Processor of Principles and Practice «/ Medicine, Rush Medical College ^ Chicago, III. 

■* i am convinced that it will oe a very valuable adjunct to my study-table, convenient in 
size and sufficiently full for ordinary use. 

C. A. LiNDSLBY, M. D., 
trofessor of Theory and Practice of Medicine, Medical Dept. Yale University: 

Secretary Connecticut State Board of Health, New Haven. Conn. 

AOTOBIOQRAPHY OF SAMUEL D. GROSS, M. D., Emeritus Pro- 
fessor of Surgery in the Jefferson Medical College of Philadelphia, with 
Reminiscences of Hia Times and Contemporaries. Edited by his sons, 
. Samuel W. Gross, M. D., LL.D., and A. Haller Gross, A. M., of the 
Philadelphia Bar. Preceded by a Memoir of Dr. Gross, by the late 
Austin Flint, M. D., LL.D. In two handsome volumes, each containing 
over 400 pages, demy 8vo, extra cloth, gilt tops, with fine Frontispiece 
eugraved on steel. Price per Volume, ^^2.50 net. 
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PRACTICAL POINTS IN NURSING. For Nurses in Private 
Practice. By Emily A. M. Stoney, Graduate of the Traiiyng-School 
lor Nurses, Lawrence, Mass. ; Superintendent of the Training- School for 
Nurses, Carney Hospital, South Boston, Mass. 456 pages, handsomely 
Illustrated with 73 engravings in the text, and 9 colored and half-tone 
Diates. Cloth. Price, $I.7S net. 

SECOND EDITION. THOBOUOHLT RETISBD. 

In this volume the author explains, in popular language and in the shortest 
possible form, the entire range of private nursing as distinguished from hospital 
nursing, and the nurse Is instructed how best to meet the various emergencies of 
medical and surgical cases when distant from medical or surgical aid or when 
thrown on her own resources. 

An especially valuable feature of the work will be found in the directions to 
the nurse how to improvise everything ordinarily needed in the sick-room, where 
the embarrassment of the nurse, owing to the want of proper appliances, is fre- 
quently extreme. 

The work has been logically divided into the following sections : 

I. The Nurse : her responsibilities, qualifications, equipment, etc. 
II. The Sick- Room : its selection, preparation, and management. 
■'JI. The Patient : duties of the nurse in medical, surgical, obstetric, and gyne- 
cologic cases. 
IV. Nursing in Accidents and Emergencies. 
V. Nursing in Special Medical Cases. 
VI. Nursing of the New-born and Sick Children. 
VII. Physiology and Descriptive Anatomy. 

The Appendix contains much information m compact form that will be found 
of great value to the nurse, including Rules for Feeding the Sick; Recipes for 
Invalid Foods and Beverages; Tables of Weights and Measures; Table for 
Computing the Date of Labor; List of Abbreviations ; Dose-List; and a full 
and complete Glossary of Medical Terms and Nursing Treatment. 

"This is a well-written, eminently practical volume, which covers the entire range of 
private nursing as distinguished from hospital nursing, and instructs the nurse how best to 
meet the various emergencies which may arise and now to prepare everything ordinarily 
needed in the illness of her patient." — Atnerican Journal qf Obstetrics and Diseases 0/ 
Women and Children^ Au?., i8q6. 

A TEXT-BOOK OF BACTERIOLOGY, including the Etiology and 
Prevention of Infective Diseases and an account of Yeasts and Moulds, 
Haematozoa, and Psorosperms. By Edgar M. Crookshank, M. B., Pro- 
lessor of Comparative Pathology and Bacteriology, King's College, London. 
A handsome octavo volume of 700 pages, with 273 engravings in the text, 
and 22 original and colored plates. Price, S6.50 net. 

This book, though nominally a Fourth Edition of Professor Crookshank's 
" Manual of Bacteriology," is practically a new work, the old one having 
been reconstructed, greatly enlarged, revised throughout, and largely rewritten, 
forming a text-book for the Bacteriological Laboratory, for Medical Ofticers of 
Health, and for Veterinary InsDectars. 
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MEDICAL DIAGNOSIS. By Dr. Oswald Vierordt, Professor of 
Medicine at the University of Heidelberg. Translated, with additions, 
from the Fifth Enlarged German Edition, with the author's permission, by 
Francis H. Stuart, A. M., M. D. In one handsome royal-octavo volume 
of 600 pages. 194 fine wood-cuts in the text, many of them in colors. 
Prices: Cloth, I4.00 net ; Sheep or Half- Morocco, $5.00 net. 

FOUBTH AMEBICAN EDITION, FROM THE FIFTH REVISED AND 
ENLARGED GERMAN EDITION. 

In this work, as in no other hitherto published, are given full and accurate 
explanations of the phenomena observed at the bedside. It is distinctly a clin- 
ical work by a master teacher, characterized by thoroughness, fulness, and accu- 
racy. It is a mine of information upon the points that are so often passed over 
without explanation. Especial attention has been given to the germ-theory as a 
factor in the origin of disease. 

The present edition of this highly successful work has been translated from 
the fifth German edition. Many aUerations have been made throughout the 
book, but especially in the sections on Gastric Digestion and the Nervous System. 

It will be found that all the qualities which served to make the earlier editions 
so acceptable have been developed with the evolution of the work to its present 
form. - 

THE PICTORIAL ATLAS OF SKIN DISEASES AND SYPHI- 
LITIC AFFECTIONS. (American Edition.) Translation from 
the French. Edited by J. J. Pringle, M. B., F. R. C. P., Assistant Phy- 
sician to, and Physician to the department for Diseases of the Skin at, the 
Middlesex Hospital, London. Photo-lithochromes from the famous models 
of dermatological and syphilitic cases in the Museum of the Saint-Louis 
Hospital, Paris, with explanatory wood-cuts and letter-press. In 12 Parts, 
at ^^3.00 per Part. 

" Of all the atlases of skin diseases which have been published in recent years, the present 
one promises to be of greatest interest and value, especially from the standpoint of the 
general practitioner." — American Medico-Surgical Bulletin, Feb. 22, 1896. 

'* The introduction of explanatory wood-cuts in the text is a novel and most important 
feature which greatly furthers the easier understanding of the excellent plates, than which 
nothing, we venture to say, has been seen better in point of correctness, beauty, and general 
merit." — Ne7v York Medical Journal , Feb. 15, 1896. 

" An interesting feature of the Atlas is the descriptive text, which is written for each picture 
bv the physician who treated the case or at whose instigation the models have been made. 
We predict for this truly beautiful work a large circulation in all parts of the medical world 
whore the names St. Louis and Baretta have preceded it." — Medical Record, N. Y., Feb. 1, 
1896. 

A TEXT-BOOK OF MECHANO-THERAPY (MASSAGE AND 
MEDICAL GYMNASTICS). By Axel V. Grafstrom, B. Sc, 
M. D., late Lieutenant in the Royal Swedish Army; late House Physi- 
cian, City Hospital, Blackwell's Island, New York. i2mo, 139 pages, 
illustrated. Cloth, |i.oo net. 
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DISBASES OP THE EYE. A Hand-Book of Ophthalmic Prac- 
tice. By G. E. de Schweinitz, M. D., Professor of Ophthalmology in 
the Jefferson Medical College, Philadelphia, etc. A handsome royal - 
octavo volume of 696 pages, with 255 fine illa«itrations, many of which are 
original, and 2 chromo-lithographic plates. Prices: Cloth, ^..oo net; 
Sheep or Half-Morocco, I5.00 net. 

THIRD EDITION, THOROUQELT REVISED. 

In the third edition of this text-book, destined, it is hoped, to meet the favor- 
able reception which has been accorded to its predecessors, the work has been 
revised thoroughly, and much ngw matter has been introduced. Particular 
attention has been given to the important relations which micro-organisms bear 
to many ocular diseases. A number of special paragraphs on new subjects have 
been introduced, and certain articles, including a portion of the chnpter on 
Operations, have been largely rewritten, or at least materially changed. A 
number of new illustrations have been added. The Appendix contains a full 
description of the method of determining the corneal astigmatism with the 
ophthalmometer of J aval and Schiotz, and the rotation of the eyes with the 
tropometer of Stevens. 

" A work that will meet the requirements not only of the specialist, but of the general 
practitioner in a rare degree. I am satisfied that unusual success awaits it." 

William Pepper, M D. 
Provost and Professor of Theory and Practice of Medicine and Clinical Medicine 
in the University of Pennsylvania. 

"A clearly written, comprehensive manual. . . . One which we can commend to students 
as a reliable text-book, written with an evident knowledge of the wants of those entering upon 
the study of this special branch of medical science." — British Medical Journal. 

" It is hardly too much to say that for the student and practitioner beginning the study of 
Ophthalmology, it is the best single volume at present published." — Medical Neivs. 

** It is a very useful, satisfactory, and safe giilde for the student and the practitioner, and 
one of the best works of this scope in the English language." — Annals of Ophthalmology. 

DISEASES OF WOMEN. By J. Bland Sutton, F. R. C. S., Assistant 
Surgeon to Middlesex Hospital, and Surgeon to Chelsea Hospital, London ; 
and Arthur E. Giles, M. D., B. Sc, Lond., F.R.C. S., Edin., Assistant 
Surgeon to Chelsea Hospital, London. 436 pages, handsomely illustrated. 
Cloth, IJ2.50 net. 

The authors have placed in the hands of the physician and student a concise 
yet comprehensive guide to the study of gynecology in its most modern develop- 
ment. It has been their aim to relate facts and describe methods belonging to 
the science and art of gynecology in a way that will prove useful to students for 
examination purposes, and which will also enable the general physician to prac- 
tice this important department of surgery with advantage to his patients and with 
satisfaction to himself. 

** The book is very well prepared, and is certain to be well received by the medical public." 
— British Medical Journal. 

"The text has been carefully prepared. Nothing essential has been omitted, and its 
teachingn are those recommended by the leading authorities of the d?iy."— Journal of thf 
Americe^n Medical A^socie^tion. 
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TEXT-BOOK UPON THE PATHOGENIC BACTERIA. Spe- 
cially written for Students of Medicine. By Joseph McFari^and. 
M. D., Professor of Pathology and Bacteriology in the Medico-Cbirurgical 
College of Philadelphia, etc. 497 pages, finely illustrated. Price, Cloth, 
$2.50 net. 

SECOND EDITION. REVISED AND OREATLT ENLABOED. 
The work is intended to be a text-book for the medical student and for the 
practitioner who has had no recent laboratory training in this department of medi- 
cal science. The instructions given as to needed apparatus, cultures, stainings, 
microscopic examinations, etc. are ample for the student's needs, and will afford 
to the physician much information that will interest and profit him relative to a 
subject which modern science shows to go far m explaining'the etiology ot many 
diseased conditions. 

In this second edition the work has been brought up to date in all depart- 
ments of the subject, and numerous additions have been made to the technique 
in the endeavor to make the book fulfil the double purpose of a systematic work 
upon bacteria and a laboratory guide. 

" It is excellently adapted for the medical students and practitioners for whom it is avowedly 
written. . . . The descriptions ^iven are accurate and readable, and the book should Drove 
useful to those for whom it is written. — London Lancet, Aug. 29, 1896. 

** The author has succeded admirably in presenting the essential details of bacteriological 
technics, together with a judiciously chosen summary of our present knowledge of pathogenic 
bacteria. . . . The work, we think, should have a wide circulation among English-speaking 
students of medicine." — N. Y. Medical Journal, April 4, 1896. 

" The book will be found of considerable use by medical men who have not had a special 
bacteriological training, and who desire to understand this important branch of medical 
science." — Edinburgh MedictU Journal^ .Inly, iSvf.. 

LABORATORY GUIDE FOR THE BACTERIOLOGIST. By 

Langdon Frothingham, M. D. V., Assistant in Bacteriology and Veten- 
nary Science, Sheffield Scientific School. Yale University. Illustrated. 
Price, Clotii, 75 cents net. 

The technical methods involved in bacteria-culture, methods ot staining, ana 
microscopical study are fully described and arranged as simply and concisely as 
possible. The book is especially intended for use in laboratory work 

" It is a convenient and useful little work, and will more than repay the outlay necessary 
for its purchase in the saving of time which would otherwise be consumed in looking uo tne 
various points of technique so clearlv and concisely laid down in its pages." — American Mea.' 
Surg. Bulletin. 

FEEDING IN EARLY INFANCY. By Arthur V. Meigs. M. D. 
Bound in limp cloth- flush edges. Price, 25 cents net. 

Synopsis : Analyses of Milk — Importance of the Subject of Feeding in Early 
Infancy — Proportion of Casein and Sugar in Human Milk — Time to Begin Arti- 
ficial Feeding; of Infants — Amount of Food to be Administered at Each Feed- 
ing — Intervals between Feedings — Increase in Amount of Food at Different 
Periods of Infant Development — Unsuitableness of Condensed Milk as a Sub- 
stitute for Mother's Milk — Objections to Sterilization or " Pasteurization *' ot 
Afilk — Advances made m the Method of Artificial Feeding of |nf^c?. 
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MATERIA MEDICA FOR NURSES. By Emily A. M. Stoney, 
Graduate of the Training-school for Nurses, Lawrence, Mass. ; late 
Superintendent of the Training-school for Nurses, Carney Hospital, South 
Boston, Mass. Handsome octavo, 300 pages. Cloth, I1.50 net. 

The present book differs from other similar works in several features, all of 
which are introduced to render it more practical and generally useful. The 
general plan of contents follows the lines laid down in training-schools for 
nurses, but the book contains much useful matter not usually included in works 
of this character, such as Poison-emergencies, Ready Dose-list, Weights and 
Measures, etc., as well as a Glossnry, defining all the terms in Materia Medica, 
and describing all the latest drugs and remedies, which have been generally 
neglected by other books of the kind. 

ESSENTIALS OF ANATOMY AND MANUAL OF PRACTI- 
CAL DISSECTION, containing " Hints on Dissection." By Charles 
B. Nancrede. M. D., Professor of Surgery and Clinical Surgery in the 
University of Michigan, Ann Arbor ; Corresponding Member of the Royal 
Academy of Medicine, Rome, Italy ; late Surgeon Jefferson Medical Col- 
lege, etc. Fourth and revised edition. Post 8vo, over 5*00 pages, with 
handsome full-page lithographic plates in colors, and over 200 illustrations 
Price : Extra Cloth or Oilcloth for the dissection-room, $2.00 net. 

Neither pains nor expense has heen spared to make this work the most ex- 
haustive yet concise Student's Manual of Anatomy and Dissection ever pub- 
lished, either in America or in Europe. 

The colored plates are designed to aid the student in dissecting the muscles 
arteries, veins, and nerves. The wood-cuts have all been specially drawn and 
engraved, and an Appendix added containing 60 illustrations representing the 
structure of the entire human skeleton, the whole being based on the eleventh 
edition of Gray's Anatomy. 

A MANUAL OF PRACTICE OF MEDICINE. By A. A. Stevens. 
A. M., M. D., Instructor in Physical Diagnosis in the University of Penn- 
sylvania, and Professor of Pathology in the Woman's Medical College of 
Pennsylvania. Specially intended for students preparing for graduation 
and hospital examinations. Post 8vo, 519 pages. Numerous illustrations 
and selected formulae. Price, bound in flexible leather, $2.00 net. 

FIFTH EDITION. REVISED AND ENLARGED. 

Contributions to the science ot medicine have poured in so rapidly during the 
lasi quarter of a century that it is well-nigh impossible for the student, with the 
limited time at his disposal, to master elaborate treatises or to cull from them 
that knowledge which is absolutely essential. From an extended experience m 
teaching, the author has been enabled, by classification, to group allied symp- 
toms, and by the judicious elimination of theories and redundant explanations 
to bring within r '''^»*»naratively small compass a comol^te outline of the or^* 
tipe ot n^edicip?. 
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MANUAL OF MATERIA MBDICA AND THERAPEUTICS. 

By A. A. Stevens, A. M., M. D., Instructor of Physical Diagnt)sis in the 
University of Pennsylvania, and Professor of Pathology in the Woman's 
Medical College of Pennsylvania. 445 pages. Price, bound in flexible 
leather, I2.00 net. 

SECOND EDITION, REVISED. 

This wholly new volume, which is based on the last edition of the Pharma- 
copceia, comprehends the following sections : Physiological Action of Drugs ; 
Drugs; Remedial Measures other than Drugs; Applied Therapeutics; Incom- 
patibility in Prescriptions ; Table of Doses ; Index of Drugs ; and Index of 
Diseases ; the treatment being elucidated by more than two hundred formulae. 

"The author is to be congratulated upon having presented the medical student with as 
accurate a manual of therapeutics as it is possible to prepare.'*— Therapeutic Gazette. 

** Far superior to most of its class ; in fact, it is very good. Moreover, the book is reliable 
and accurate." — New York Medical Journal. 

" The author has faithfully presented modern therapeutics in a comprehensive work, . . . 
and it will be found a reliable ^\d^."— -University Medical Magazint. 

NOTES ON THE NEWER REMEDIES: their Therapeutic Ap- 
plications and Modes of Administration. By David Cerna, M. D., 
Ph. D., Demonstrator of and Lecturer on Experimental Therapeutics in 
the University of Pennsylvania. Post-octavo, 253 pages. Price, ^ 1 .00 net. 

SECOND EDITION, RE- WRITTEN AND QREATLT ENLARGED. 

The work takes up in alphabetical order all the newer remedies, giving their 
physical properties, solubility, therapeutic applications, administration, and 
chemical formula. 

It thus forms a very valuable addition to the various works on therapeutics 
now in existence. 

Chemists are so multiplying compounds, that^ if each compound is to be thor- 
oughly studied, investigations must be carried far enough to determine the prac- 
tical importance of the new agents. 

" Especially valuable because of its completeness, its accuracy, its systematic consider- 
ation of the properties and therapy of many remedies of which doctors generally know but 
little, expressed in a brief yet terse manner." — Chicago CliniccU Review. 



TEMPERATURE CHART. Prepared by D. T. LAiNfe, M. D. Size 
8x 131^ inches. Price, per pad of 25 charts, 50 cents net. 

A conveniently arranged chart for recording Temperature, with columns for 
daily amounts of Urinary and Fecal Excretions, Food, Remarks, etc. On the 
back of each charf is given in full the method pf Brapd ip the tres^ment of 
Typhoid Fev^y. 
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A TEXT-BOOK OF HISTOLOGY, DESCRIPTIVE AND PRAC- 
TICAL. For the Use of Students. By Arthur Clarkson, M. B., 
C. M., Edin., fonnerly Demonstrator of Physiolc^ in the Owen's College, 
Manchester; late Demonstrator of Physiology in the Yorkshire College, 
Leeds. Large 8vo, 554 pages, with 22 engravings in the text, and 174 
beautifully colored original illustrations. Price, strongly bound in Cloth, 
1(4.00 net. 

The purpose of the writer in this work has been to furnish the student of His- 
tology, in one volume, with both the descriptive and the practical part of the 
science. The first two chapters are devoted to the consideration of the general 
niethods of Histology ; subsequently, in each chapter, the structure of the tissue 
or organ is first systematically described, the student is then taken tutorially over 
the specimens illustrating it, and, finally, an appendix affords a short note of the 
methods of preparation. 

" The work must be considered a valuable addition to the list of available text-books, and 
is to be highly recommended." — New York Medical Journal. 

** One of the best works for students we have ever noticed. We predict that the book will 
attain a well-deserved popularity among our students." — Chicago Medical Recorder. 

THE PATHOLOGY AND TREATMENT OF SEXUAL IM- 
POTENCE. By Victor G. Vecki, M. D. From the second Ger- 
man edition, revised and rewritten. Demi-octavo, about 300 pages. 
Cloth, I2.00 net. 

The subject of impotence has but seldom been treated in this country in the 
truly scientific spirit that it deserves, and this volume will come to many as a 
revelation of the possibilities of therapeusis in this important field. Dr. Vecki's 
work has long been favorably known, and the German book has received the 
highest consideration. This edition is more than a mere translation, for, although 
based on the German edition, it has been entirely rewritten by the author in 
English. 

" The work can be recommended as a scholarly treatise on its subject, and it can be read 
with advantage by many practitioners."— y<i7«r«i/ of the American Medical Association. 

THE TREATMENT OF PELVIC INFLAMMATIONS 
THROUGH THE VAGINA. By W. R. Pryor, M.D., Pro- 
fessor of Gynecology in the New York Polyclinic. i2mo, 248 pages, 
handsomely illustrated. Cloth, $2.00 net. 

In this book the author directs the attention of the general practitioner to a 
surgical treatment of the pelvic diseases of women. There exists the utmost 
• confusion in the profession regarding the most successful methods of treating 
pelvic inflammations ; and inasmuch as inflammatory lesions constitute the ma- 
jority of all pelvic diseases, the subject is an important one. It has been the 
endeavor of the author to put down every little detail, no platter how insig- 
nificant, which might be of service, 
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DISEASES OP WOMEN. By Henry J. Garrigues, A.M., M. D., 
Professor of Gynecology in the New York School of Clinical Medicine ; 
Gynecologist to St. Mark's Hospital and to the German Dispensary, New 
York City. In one handsome octavo volume of 756 pages, illustrated by 
367 engravings and colored plates. FHces: Qoth, %\.QO net; Sheep or 
Half-Morocco, 1^5.00 net. 

A PRACTICAL work on gynecology for the use of students and practitioners, 
written in a terse and concise manner. The importance of a thorough know- 
ledge of the anatomy of the female pelvic organs has been fully recognized by 
the author, and considerable space has been devoted to the subject. The chap- 
ters on Operations and on Treatment are thoroughly modern, and are based 
upon the large hospital and private practice of the author. The text is eluci- 
dated by a lai^e number of illustrations and colored plates, many of them being 
original, and forming a complete atlas for studying embryology and the anatomy 
of i\i^ fimaU genitalidy besides exemplifying, whenever needed, morbid condi« 
tions, instruments, apparatus, and operations. 

Third Edition^ Thoroughly Revised. 

The first and second editions of this work met with a most appreciative reception 
by the medical press and profession both in this country and abroad, and the book 
was adopted as a text-book or recommended as a book of reference by nearly 
one hundred colleges in the United States and Canada. The author has availed 
himself of the opportunity aiforded by this revision to embody the latest approved 
advances in the treatment employed in this important branch of Medicine. He 
has also more extensively expressed his own opinion on the comparative value 
of the different methods of treatment employed. 

" One of the best text-books for students and practitioners wkich has been published in 
the English language ; it is condensed, clear, ana comprehensive. The profound learning 
and great clinical experience of the distinguishedt^uthor find expression in this book in a 
most attractive and instructive form. Young practitioners, to whom experienced consultants 
may not be available, will find in this book invaluable counsel and help." 

Thad. a. Rbaht, M. D., LL.D., 
Pro/euor 0/ Clinical Gynecology, Medical College of Ohio; Gynecologist to the Good 
Samaritan and Cincinnati HospiUut. 



\ SYLLABUS OF GYNECOLOGY, arranged in conformity with 
"An American Text-Book of Gynecology." By J. W. Long, M. D., 
Professor of Diseases of Women and Children, Medical College of Vir- 
ginia, etc. Price, Qoth (interleaved), l^i.oo net 

Based upon the teaching and methods laid down in the larger work, this will 
not only be useful as a supplementary volume, but to those who do not already 
possess the text-book it will also have an independent value as an aid to the 
practitioner in gynecological work, and to the student as a guide in the lecture* 
room, as the subject is ^re8ented in a manner at once systematic, clear, succinct, 
end practicaJL 
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THE AMERICAN POCKET MEDICAL DICTIONARY. Edited 
by W. A. Newman Borland, M. D., Assistant Obstetrician to the Hospital 
of the University of Pennsylvania ; Fellow of the American Academy of 
Medicine. Containing the pronunciation and definition of all the principal 
words used in medicine and the kindred sciences, with 64 extensive tables. 
Handsomely bound in flexible leather, limp, with gold edges and patent 
thumb index. Price, ;^i.oo net ; with thumb index, I1.25 net. 

THIRD EDITION, REVISED. 

This is the ideal pocket lexicon. It is an absolutely new book, and not a re- 
vision of any old work. It is complete, defining all the terms of modern medi- 
cine and forming an unusually complete vocabulary. It gives the pronunciation 
of all the terms. It makes a special feature of the newer words neglected by 
other dictionaries. It contains a wealth of anatomical tables of special value to 
students. It forms a handy volume, indispensable to every medical man. 

SAUNDERS' POCKET MEDICAL FORMULARY. By Wiluam 
M. Powell, M. D., Attending Physician to the Mercer House for Invalid 
Women at Atlantic City. Containing nearly 20CX) Formulae, selected from 
several hundred of the best-known authorities. Forming a handsome and 
convenient pocket companion of over 300 printed pages, with blank leaves 
for Additions ; with an Appendix containing Posological Table, Formulae 
and Doses for Hypodermatic Medication, Poisons and their Antidotes, 
Diameters of the Female Pelvis and Foetal Head, Obstetrical Table, Diet 
List for Various Diseases, Materials and Drugs used in Antiseptic Surgery, 
Treatment of Asphyxia from Drowning, Surgical Remembrancer, Tables 
of Incompatibles, Eruptive Fevers, Weights and Measures, etc. Hand- 
somely bound in morocco, witi* side index, wallet,^nd flap. Price, I1.75 
net. 

SIXTH EDITION, THOROUGHLT REVISED. 

" This little book, that can be conveniently carried in the pocket, contains an immense 
amount of material. It is very useful, and as the name of the author of each prescription is 
given, it unusually reliable." — New York Medical Record. 

A COMPENDIUM OF INSANITY. By John B. Chapin, M.D., LL.D., 
Physician-in-Chief, Pennsylvania Hospital for the Insane ; late Physician- 
Superintendent oPthe Willard State Hospital, New York ; Honorary Mem- 
ber of the Medico- Psychological Society of Great Britain, of the Society of 
Mental Medicine of Belgium. l2mo, 234 pages, illust. Cloth, $1.25 net. 

The author has given, in a condensed and concise form, a compendium of 
Diseases of the Mind, for the convenient use and aid of physicians and students. 
It contains a clear, concise statement of the clinical aspects of the various ab- 
normal mental conditions, with directions as to the most approved methods of 
managing and treating the insane. 

" The practical parts of Dr. Chapin's book are what constitute its distinctive merit. We 
desire especially, however, to call attention to the fact that in the subject of the therapeutics 
of insanity the work is exceedingly valuable. The author has made » distinct addition to tbo 
literature of his v^z\9\Xy'*— Philadelphia Medical Journal, 
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AN OPERATION BLANK, with Lists of Instruments, etc. re- 
quired in Various Operations. Prepared by W. W. Keen, M. D., 
LL.D., Professor of Principles of Surgery in the Jefferson Medical Col- 
lege, Philadelphia, Price per Pad, containing Blanks for fifty operations, 
50 cents net. 

SECOND EDITION, BEVI8ED FOBH. 

A convenient blank, suitable for all operations, giving complete instructions 
regarding necessary preparation of patient, etc., with a full list of dressings and 
medicines to be employed. 

On the back of each blank is a list of instruments used— viz. general instni 
ments, etc., required for all operations ; and special instruments for surgery of 
the brain and spine, mouth and throat, abdomen, rectum, male and female 
genito-urinary organs, the bones, etc. 

The whole forming a neat pad, arranged for hanging on the wall of a sur- 
geon's office or in the hospital operating-room. 

•* Will serve a useful purpose for the surgeon in reminding him of the details of prepa> 
ration for the patient and tihe room as well as for the instruments, dressings, and antiseptics 
needed" — New York Medical Record 

" Covers about all that can be needed in any operation." — American Lancet 

** The plan is a capiul onc/'—Bosion Medicai and Surgical journal. 

LABORATORY EXERCISES IN BOTANY. By Edson S. Bastin, 
M. A., Professor of Materia Medica and Botany in the Philadelphia Col- 
lege of Pharmacy. Octavo volume of 536 pages, 87 full-page plates. Price, 
Cloth, ;(52.oo net. 

This work is intended for the beginner and the advanced student, and it fully 
covers the structure of flowering plants, roots, ordinary stems, rhizomes, tubers, 
bulbs, leaves, flowers, fruits, and seeds. Particular attention is given to the gross 
and microscopical structure of plants, and to those used in medicine. Illustra- 
tions have freely been used to elucidate the text, and a complete index to facil- 
itate reference has been added. 

*' There is no work like it in the pharmaceutical or botanical literature of this country, and 
we predict for it a wide c\r cxAaxXou." —American yournal 0/ Pharmacy. 

DIET IN SICKNESS AND IN HEALTH. By Mrs. Ernest Hart, 
formerly Student of the Faculty of Medicine of Paris and of the London 
School of Medicine for Women; with an Introduction by Sir Henry 
Thompson, F. R. C. S., M. D., London. 220 pages; illustrated. Price, 
Cloth, %\.^o net. 

Useful to those who have to nurse, feed, and prescribe for the sick. In 
each case the accepted causation of the disease and the reasons for the special 
diet prescribed are briefly described. Medical men will find the dietaries and 
recipes practically useful, and likely to save them trouble in directing the dietetic 
treatment of patients. 



CATALOGUE OF MEDICAL WORKS. 37 

A. MANUAL OF PHYSIOLOGY, with Practical Exercises. For 

Students and Practitioners. By G. N. Stewart, M. A., M. D., D. Sc, 
lately Examiner in Physiology, University of Aberdeen, and of the New 
Museums, Cambridge University ; Professor of Physiology in the Western 
Reserve University, Cleveland, Ohio. Handsome octavo volume of 848 
pages, with 300 illustrations in the text, and 5 colored plates. Price, Cloth, 
$3.75 net. 

THIRD EDITION, REVISED. 

'* It will make its way by sheer force of merit, and amply dese^rves to do so. It is one qf 
the very best English text-books on the sub/ect." — London Lancet. 

** Of the many text-books of physiology published, we do not know of one that so nearly 
comes up to the ideal as does Professor Stewart's volume." — British Medical Journal. 

ESSENTIALS OF PHYSICAL DIAGNOSIS OF THE THORAX. 
By Arthur M. Corwin, A. M., M, D., Demonstrator of Physical Diagno- 
sis in the Rush Medical College, Chicago; Attending Physician to the 
Central Free Dispensary, Department of Rhinology, Laryngology, and 
Diseases of the Chest. 219 pages. Illustrated. Cloth, flexible covers. 
Price, $1.1^ net. 

THIRD EDITION, THOROUGHLY REVISED AND ENLARGED. 
SYLLABUS OF OBSTETRICAL LECTURES in the Medical 
Department, University of Pennsylvania. By Richard C. Norris, 
A. M., M. D., lecturer on Qinical and Operative Obstetrics, University 
of Pennsylvania. Third edition, thoroughly revised and enlarged. Crown 
8vo. Price, Cloth, interleaved for notes, jJ(2.oo net. 

" This work is so far superior to others on the same subject that we take pleasure in call- 
ing attention briefly to Its excellent features. It covers the subject thoroughly, and will 
prove invaluable both to the student and the practitioner. The author has introduced a 
number of valuable hints which would only occur to one who was himself an experienced 
teacher of obstetrics. The subject-matter is clear, forcible, and modern. We are especially 
pleased with the portion devoted to the practical duties of the accoucheur, care of the child, 
etc. The paragraphs on antiseptics are admirable ; there is no doubtful to|K in the direc- 
tions given. No details are regarded as unimportant ; no minor matters omitted. We ven- 
ture to say that even the old practitioner will nnd useful hints in this direction which he can- 
not aflfoFd to despise." — New York Medical Record. 

A SYLLABUS OF LECTURES ON THE PRACTICE OF SUR- 
GERY, arranged in conformity with «• An American Text-Book 
of Surgery." By N. Senn, M. D., Ph. D., Professor of Surgery in Rusl 
Medical College, Chicago. Price, ;J»i.50 net. 

This work by so eminent an author, himself one of the contributors to 
•* An American Text-Book of Surgery," will prove of exceptional value to 
the advanced student who has adopted that work as his text-book. It is not 
only the syllabus of an unrivalled course of surgical practice, but it is also an 
epitome of or supplement to the larger work. 

" The author has evidently spared no pains in making his Syllabus thoroughly comprehen- 
s!ve, and has added new matter and alluded to the most recent authors and operations. Full 
references are also given to all requisite deuils of surgical anatomy and pathology."— ^W/m/I 
Medical Journal, London. 
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THE CARE OP THE BABY. By J. P. Crozer Griffith, M. D., 
Clinical Professor of Diseases of Children, University of Pennsylvania; 
Physician to the Children's Hospital, Philadelphia, etc. 404 pages, with 
67 illustrations in the text, and 5 plates. i2mo. Price, I1.50 net. 

8BC0NB EDITION, REVISED. 

A reliable guide not only for mothers, but also for medical students and 
practitioners whose opportunities for observing children have been limited. 

** The whole book is characterized by rare good sense, and is evidently written by a nias> 
ter hand. It can be read with benefit not only by mothers, but by medical students and by 
any practitioners who have not had large opportunities for observing children."— American 
youmal of Obstetrics. 

THE NURSE'S DICTIONARY of Medical Terms and Nursing 
Treatment, containing Definitions of the Principal Medical and Nursing 
Terms, Abbreviations, and Physiological Names, and Descriptions 01 the 
Instruments, Drugs, Diseases, Accidents, Treatments, Operations, Foods, 
Appliances, etc. encountered in the ward or the sick-room. By Honnor 
Morten, author of " How to Become a Nurse," " Sketches of Hospital 
Life," etc. i6mo, 140 pages. Price, Cloth, |i.oo net. 

This little volume i? Intended for use merely a? a small reference-book which 
can be consulted at the bedside or in the ward. It gives sufficient explanation 
to the nurse to enable her to comprehend a case until she has leisure to look up 
larger and fuller works on the subject. 

DIET LISTS AND SICK-ROOM DIETARY. By Jerome B. Thomas, 
M. D., Visiting Physician to the Home for Friendless Women and Children 
and to the Newsboys* Home; Assistant Visiting Physician to the Kings 
County Hospital; Assistant Bacteriologist, Brooklyn Health Department. 
Price. Cloth, 1^1.25 net. (Send for Specimen List.) 

One hundred and sixty detachable (perforated) diet lists for Albuminuria, 
Anaemia and Debility, Constipation, Diabetes, Diarrhoea, Dyspepsia, Fevers, 
Gout or Uric-Acid Diathesis, Obesity, and Tuberculosis. Also forty detachable 
sheets of Sick-Rocftn Dietary, containing full instructions for preparation of 
easily-digested foods necessary for invalids. Each list is numberfd only, the 
disease for which it is to be used in no case being mentioned, an index key 
being reserved for the physician's private use. 

DIETS FOR INFANTS AND CHILDREN IN HEALTH AND 
IN DISEASE. By Louis Starr, M. D., Editor of "An American 
Text-Book of the Diseases of Children." 230 blanks (pocket-book size), 
perforated and neatly bound in flexible morocco. lYice, $1.25 net 

The first series of blanks are prepared for the first seven months of mlani 
lii? ; each blank indicates the ingredients, but not the quantities^ of the food, 
tne latter directions being left for the physician. After the seventh month, 
modifications being less necessary, the diet lists are printed in full. Formukk 
ior tne preparation of diluents and foods are appended. 
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HOW TO EXAMINE FOR LIFE INSURANCE. By JovN M. 
Keating, M. D., Fellow of the College of Physicians and Surgeons of 
Philadelphia; Vice-President of the American P^iatric Society; Ex« 
President of the Association of Life Insurance Medical Directors. Royal 
8vo, 211 pages, with two large half-tone illustrations, and a plate prepared 
by Dr. McClellan from special dissections ; also, numerous cuts to elucidate 
the text. Third edition. Price, Cloth, I2.00 net. 

" This is by far the most useful book which has yet appeared on insurance examination, a 
subject of srowing interest and importance. Not the least valuable portion of the volume is 
Part II., which consists of instructions issued to their examining physicians by twenty-four 
representative companies of this country. As the proofs of these instructions were corrected 
by the directors of the companies, they form the latest instructions obtainable. If for these 
alone, the book should be at the right hand of every physician interested in this special branch 
af medical science." — The MeeUceU News, Philadelphia. 

NURSING: ITS PRINCIPLES AND PRACTICE. By Isabel 
Adams Hampton, Graduate of the New York Training School for 
Nurses attached to Bellevue Hospital; Superintendent of Nurses and 
Principal of the Training School for Nurses, Johns Hopkins Hospital, 
Baltimore, Md. ; late Superintendent of Nurses, Illinois Training School 
for Nurses, Chicago, 111. In one very handsome i2mo volume of 512 
pages, illustrated. Price, Cloth, ;(52.oo net. 

SECOND EDITION, REVISED AND ENLARGED. 

This original work on the important subject of nursing is at once comprehensive 
and systematic. It is written in a clear, accurate, and readable style, suitable 
alike to the student and the lay reader. Such a work has long been a desidera- 
tum with those entrusted with the management of hospitals and the instruction of 
nurses in training-schools. It is also of especial value to the graduated nurse, 
who desires to acquire a practical working knowledge of the care of the sick* 
and the hygiene of the sick-room. 

OBSTETRIC ACCIDENTS, EMERGENCIES, AND OPERA- 
TIONS. By L. Ch. Boisliniere, M. D., late Emeritus Professor of 
Obstetrics in the St, Louis Medical College. 381 pages, handsomely illus- 
trated. Price, $2.00 net. 

" For the use of the practitioner who, when away from home, has not the 
opportunity of consulting a library or of calling a friend in consultation. He 
then, being thrown upon his own resources, will find this book of benefit in 
guiding and assisting him in emergencies." 

INFANT'S WEIGHT CHART. Designed by J. P. Crozer Griffith, 
M. D., Clinical Professor of Diseases of Children in the University of Penn 
sylvania. 25 charts in each pad. Price per pad, 50 cents net. 

A convenient blank for keeping a record of the child's weight during the first 
two years of life. Printed on each chart is a curve representing the average weight 
of a healthy infant, so that any deviation from the normal can readily be detected 




saunders' 
New Series 
OF Manuals 



for Students 
and 
Practitioners* 



THAT there exists a need for thoroughly reliable hand-books on the leading 
branches of Medicine and Surgery is a fact amply demonstrated by the 
favor with which the SAUNDERS NEW SERIES OP MANUALS have been 
received by medical students and practitioners and by the Medical Press. 
These manuals are not merely condensations from present literature, but 
are ably written by well-known authors and practitioners, most of them being 
teachers in representative American colleges. Each volume is concisely and 
authoritatively written and exhaustive in detail, without being encumbered 
with the introduction of " cases," which so largely expand the ordinary text- 
book. These manuals will therefore form an admirable collection of advanced 
lectures, useful alike to the medical student and the practitioner: to the latter, 
too busy to search through page after page of elaborate treatises for what he 
wants to know, they will prove of inestimable value ; to the former they will 
afford safe guides to the essential points of btudy. 

The SAUNDERS NEW SERIES OK MANUALS are conceded to be 
superior to any similar books now on the market. No other manuals afford so 
much information in such a concise and available form. A liberal expenditure 
has enabled the publisher to render the mechanical portion of the work worthy 
of the high literary standard attained by these books. 

Any of these Manuals will be mailed on receipt of price (see next page 
- List). 



SAUNDERS' NEW SERIES OF MANUALS. 



VOLUMES PUBLISHED. 



PHYSIOLOGY. By Joseph Howard Raymond, A. M , M. D., Professor 
of Physiology and Hygiene and Lecturer on Gynecology in the Long 
Island College Hospital, etc. Price, I1.25 net. 

3URGERY, General and Operative. By John Chalmers DaCosta, 

M.D., Professor of Practice of Sui^eiy and Clinical Surgery, Jefferson 
Medical College, Philadelphia. Second edition, revised and greatly en- 
larged. Octavo, 911 pages, 386 illustrations. Cloth, $4.00 net; Half- 
Morocco, ^{(5.00 net. 

DOSE-BOOK AND MANUAL OF PRESCRIPTION-WRITING. 

By E. Q. Thornton, M. D., Demonstrator of Therapeutics, Jefferson 
Medical College, Philadelphia. Price, |5i.25 net 

MEDICAL JURISPRUDENCE. By Henry C. Chapman, M. D., Pro- 
fessor of Institutes of Medicine and Medical Jurisprudence in the Jeffer- 
son Medical College of Philadelphia, etc Price, I1.50 net. 

SURGICAL ASEPSIS. By Carl Beck, M.D., Surgeon to St. Mark's 
Hospital and to the German Poliklinik ; Instructor in Surgery, New York 
Post-Graduate Medical School, etc. Phce, lti.25 net. 

MANUAL OF ANATOMY. By Irving S. Haynes, M.D., Adjunct 
Professor of Anatomy and Demonstrator of Anatomy, Medical Department 
of the New York University, etc. Price, $2.50 net. 

SYPHILIS AND THE VENEREAL DISEASES. By James 
NeviNs Hyde, M. D., Professor of Skin and Venereal Diseases, and 
Frank H. Montgomery, M. D., Lecturer on Dermatology and Genito- 
urinary Diseases in Rush Medical College, Chicago. Second Edition^ 
Revised and Greatly Enlarged. Handsome octavo, about 800 pages. 

PRACTICE OF MEDICINE. By George Roe Lockwood, M I)., 
Professor of Practice in the Woman's Medical College of the New York 
Infirmary, etc. Price, jJ52,50 net. 

OBSTETRICS. By W. A. Newman Dorland, M. D., Assistant Demon- 
strator of Obstetrics, University of Pennsylvania ; Chief of Gynecological 
Dispensary, Pennsylvania Hospital. Price, I2.50 net. 

DISEASES OF WOMEN. By J. Bland Sutton, F.R. C. S., Assistant 
Surgeon to the Middlesex Hospital, and Surgeon to the Chelsea Hospital 
for Women, London ; and Arthur E. Giles, M. D., B. Sc. Lond., F. R. C. S. 
Edin., Assistant Surgeon to the Chelsea Hospital for Women, London. 436 
pages, handsomely illustrated. Price, JJ52.50 net. 

IN PREPARATION. 

NERVOUS DISEASES. By Charles W. Burr, M. D., Clinical Profes- 
sor of Nervous Diseases, Medico-Chirurgical College, Philadelphia, etc. 

*«* There will be published in the same series, at short intervals, carefully prepared works 
on various subjects, by prominent specialists. 



SAUNDERS' QUESTION COMPENDS. 

Arranged in Question and Answer Form. 

TEE LATEST, MOST COMPLETE, and BEST ILLUSTBATEI 
SEBIES OF COMPENDS EVEB ISSUES. 



Now the Standard Aathorities in Medical Literature 



students and Practitioners in every City of the United 
States and Canada. 



THE REASON WHY. 

They are the advance guard of " Student*s Helps " — that DO help; they are 
the leaders in their special line, well and authoritatively written by able meny 
7vhOy as teachers in the large colleges^ know exactly whai is wanted by a student 
preparing for his examinations. The judgment exercised in the selection of 
authors is fully demonstrated by their professional elevation. Chosen from the 
ranks of Demonstrators, Quiz-masters, and Assistants, most of them have be- 
come Professors and Lecturers in their respective colleges. 

Each book is of convenient size (5x7 inches), containing on an average 250 
pages, profusely illustrated, and elegantly printed in clear, readable typ>e, on 
fine paper. 

The entire series, numbering twenty- four subjects, has been kept thoroughly 
revised and enlarged when necessary, many of them being In their fourth and 
fifth editions. 

TO SUM UP. 

Although there are numerous other Quizzes, Manuals, Aids, etc. in the mar- 
ket, none of them approach the " Blue Series of Question Comperids;'* and 
the claim is made for the following points of excellence : 

1. Professional distinction and reputation of authors. 

2. Conciseness, clearness, and soundness of treatment. 

3. Size of type and quality of paper and binding. 

*^* Any of these Compends will be mailed on receipt of priee (see next 
page for List). 

4a 



SAUNDERS* QUESTION-COMPEND SERIES. 

Pfice^ Qoth, $1*00 net per copy^ except when otberwise noted* 

X. ESSENTIALS OP PHYSIQLOQY. 4th edition. Illustrated. Revised and enlaned. 
By H. A. Hark, M. D. 

a. ESSENTIALS OP SURGERY. 7th edition, with a chapter on Appendicitis. 90 illus- 
trations. By Edwaku Maktin, M. D. 

3. ESSENTIALS OP ANATOMY. 6th edition, thoroughly revised. 151 illustrations. 

By Charles B. Nancrede, M. D. 

4. ESSENTIALS OP MEDICAL CHEMISTRY, ORGANIC AND INORGANIC. 

5th edition, revised, with an Appendix. By Lawrence Wolff, M. D. (|i.oo net.) 

5. ESSENTIALS OP OBSTETRICS. 4th edition, revised and enlarged. 75 illustra- 

tions. By W. Easterly Ashton, M. D. 

6. ESSENTIALS OP PATHOLOGY AND MORBID ANATOMY. 7th thousand. 

46 illustrations. By C. £. Armand Sbmple, M. D. 

7. ESSENTIALS OP MATERIA MEDICA, THERAPEUTICS, AND PRE. 

SCRIPTION-WRITING. 5th edition. By Henry Morris, M. D. 

8. 9. ESSENTIALS OP PRACTICE OP MEDICINE. Bv Henry Morris, M.D. 

An Appendix on Urine Examin ation. Illustrated. By Lawrence Wolff, M. D. 
3d edition, enlarged by some 300 Essential Formulx, selected from eminent authori- 
ties, by Wm. M. Powell, M. D. (Double number, price I1.50 net.) 

10. ESSENTIALS OP GYNECOLOGY. 4th edition, revised. With 62 iUustrations. 

By Edwin B. Cragin, M. D. 

11. ESSENTIALS OP DISEASES OP THE SKIN. 4th edition, revised and enlarged. 

71 letter-press cuts and 15 half-tone illustrations. By Henry W. Stelwagon, M.D. 

la. ESSENTIALS OP MINOR SURGERY, BANDAGING, AND VENEREAL 
DISEASES. 2d edition, revised and enlarged. 78 illustrations. By Edward 
Martin, M. D. 

13. ESSENTIALS OP LEGAL MEDICINE. TOXICOLOGY, AND HYGIENE. 

130 illustrations. By C. E. Armand Semple, M. D. 

14. ESSENTIALS OP DISEASES OP THE EYE, NOSE, AND THROAT. 124 

illustrations. 2d edition, revised. By Edward Jackson, M. D., and E. Baldwin 
Glkason, M. D. 

15. ESSENTIALS OP DISEASES OP CHILDREN. 2d edition. By William M. 

Powell, M. D. 

16. ESSENTIALS OP EXAMINATION OP URINE. Colored "Vogel Scale," 

and numerous illustrations. By Lawrence Wolff, M.D. (Price, 75 cents net) 

17. ESSENTIALS OP DIAGNOSIS. 2d edition, thoroughly revised. 60 illustrations. 

By S. SoLis-CoHBN, M. D., and A. A. E.shnbr, M. D. 

18. ESSENTIALS OP PRACTICE OP PHARMACY. 2d edition, revised. By L. 

E. Sayrb. 

ao. ESSENTIALS OP BACTERIOLOGY. 3d edition. 82 illustrations. By M. V. 
Ball, M. D. 

21. ESSENTIALS OP NERVOUS DISEASES AND INSANITY. 48 illustrations. 

3d edition, revised. By John C. Shaw, M. D. 

22. ESSENTIALS OP MEDICAL PHYSICS. 155 illustrations, ad edition, revised. 

By Fred J. Brockway, M. D. 

23. ESSENTIALS OP MEDICAL ELECTRICITY. 65 illustrations. By David D. 

Stewart, M. D., and Edward S. Lawrance, M. D. 

24. ESSENTIALS OP DISEASES OP THE EAR. 114 illustrations. 2d edition, re- 

vbed and enlarged. By £. Baldwin Gleason, M. D. 



BOOKS JUST ISSUED. 



THE AMERICAN Illustrated 
Medical Dictionary— For Stu- 
dents and Practitioners. 

A Complete Dictionary of the Terms used 
in Medicine and the Allied Sciences, with a 
large number of Valuable Tables and Numer- 
ous Handsome Illustrations. Edited by W. 
A. Newman Dorland, M. D., Editor of the 
American Pocket Medical Dictionary. Hand- 
some large octavo, 750 pages, bound in full 
limp leather, and printed on thin paper of the 
finest quality, forming a handy volume, only 
i^i inches thick. 

This is an entirely new and unique work 
intended to meet the need of practitioners and 
students for a complete, up-to-date dictionary 
of moderate price. The book is designed to 
furnish a maximum amount of matter in a 
minimum space, and at the lowest possible 
cost. It contains double the material in the 
ordinary students' dictionary, and yet by the 
use of a clear, condensed type and thin paper 
of the finest quality, it is onlv 1^ inches in 
thickness. It is bound in full nexible leather, 
and is just the kind of a book that a man will 
want to keep on his desk for constant refer- 
ence. The book makes a special feature of 
the newer words, and defining hundreds of 
important terms not to be found in any other 
dictionary. It is especially full in the matter 
of tables, containing more than a hundred 
new ones of great practical value. A new 
feature is the inclusion of numerous handsome 
illustrations, many of them in colors, drawn 
and engraved specially for this book. These 
have been chosen with great care and add in- 
finitely to the value of the work. The book 
will appeal to both practitioners and students, 
since, besides a complete vocabulary, it gives 
to the more important subjects extended con- 
sideration of an encyclopedic character. 

BOHM, DAVIDOFF, and HU- 
BER'S HISTOLOGY-A Text- 
Book of Human Histology. 

Including Microscopic Technic, By Dr. 
A. A. BoHM and Dr. M. von Davidoff, of 
Munich, and G. C. Hubbr, M.D., Junior 
Professor of Anatomy and Histology, Uni- 
versity of Michigan. 

STONEY'S SURGICAL TECH- 
NIC FOR NURSES-Surglcal 
Technic for Nurses. 

Bv Emily A. M. Stonky, late Superin- 
tendent of the Trainine-School for Nurses, 
Carney Hospital, South Boston, Massachu- 
setts. 



FRIEDRICH AND CURTIS ON 
THE NOSE, THROAT and 
EAR— Rhinology, Laryngol- 
ogy, and Otology in their 
Relations to General Medi- 
cine. 

By Dr. E. P. Fribdrich, of the Univer- 
sity of Leipsig. Edited by H. Holbrook 
Curtis, M. D., Consulting Surgeon to the 
New York Nose and Throat Hospital. Price, 
^3.50 net. 

LEROY'S HISTOLOGY — The 
Essentials of Histology. 

By Louis Leroy, M. D., Profes.sor of His- 
tology and Pathology, Vanderbiit Univer- 
sity, Nashville, Tennessee. 

OQDEN ON THE URINE — 
Clinical Examination of the 
Urine. 

By J. Bbrgbn Ogdbm, M. D., Assistant in 
Chemistry, Harvard Medical School. Hand- 
some octavo volume of over 408 pages, with 
^4 illustrations and 11 full-page plates, many 
m colors. Price, Cloth, 93.00 net. 



PYLE'S PERSONAL HYGIENE 
—A Manual of Personal Hy- 
giene. 

Edited by Walter L. Pvlk, M.D., As- 
sistant Surgeon to Wills Eye Hospital, Phila- 
delphia. Octavo volume of 344 pages, fully 
illustrated. Price, Cloth, I1.50 net. 



SALINQER AND KALTEYER'S 
MODERN MEDICINE— Mod- 
ern Medicine. 

By Julius L. Salinger, M.D., Demon- 
strator of Clinical Medicine, Jefferson Medi- 
cal College, and F. J. Kaltsybr, M. D., As- 
sistant Demonstrator of Clinical Medicine, 
Jefferson Medical College. Handsome oc- 
tavo volume of over 800 pages, fully illus- 
trated. 
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SAUNDERS' 
MEDICAL HAND-ATLASES. 

The series of books included under this title are authorized translations 
into English of the world-famous 

Lehmann Medicinische Handatlanten^ 

which for scientific accuracy, pictorial beauty, compactness, and 
cheapness surpass any similar volumes ever published. 

Each volume contains from 50 to 100 colored plates» besides numer- 
ous illustrations in the text. The colored plates have been executed by. the 
most skilful German lithographers, in some cases more than twenty im- 
pressions being required to obtain the desired result. Each plate is accom- 
panied by a full and appropriate description, and each book contains a con- 
densed but adequate outline of the subject to which it is devoted. 

One of the most valuable features of these atlases is that they offer a 
ready and satisfactory substitute for clinical observation. Such ob- 
servation, of course, is available only to the residents in large medical centers ; 
and even then the requisite variety is seen only after long years of routine 
hospital work. To those unable to attend important clinics these books 
will be absolutely indispensable,, as presenting in a complete and con-^ 
venient form the most accurate reproductions of clinical work, interpreted 
by the most competent of clinical teachers. 

"While aj>preciating the value of such colored plates, the profession has 
heretofore been practically debarred from purchasing similar works because 
of their extremely high ptice, made necessary by a limited sale and an 
enormous expense of production. Now, however, by reason of their pro- 
jected universal translation and reproduction, affording international dis- 
tribution, the publishers have been enabled to secure for these atlases the 
best artistic and professional talent, to produce them in the most 
elegant style, and yet to offer them at a price heretofore unapproached 
in cheapness. The grfeat success of the undertaking is demonstrated 
by the fact that the volumes have already appeared in thirteen different 
languages — German, English, French, Italian, Russian, Spanish, Dutch, 
Japanese, Danish, Swedish, Roumanian, Bohemian, and Hungarian. 

The same careful and competent editorial supervision has been 
secured in the English edition as in the originals. The translations have 
been edited by the leading American specialists in the different sub- 
jects. The volumes are of a uniform and convenient size (5 x 7^ inches), 
and are substantially bound in cloth. 

(For List of Books^ Prices, etc* sec next page*) 

Pamphlet containing specimens of the Colored Plates 

sent free on application* 



VOLUMES NOW READY. 

Atlas and Epitome of Internal Medicine and Clinical Diagnosis. 

By Dr. Chr. Jakob, of Erlangen. Edited by Augustus A. EshneH, M.D. , 
Professor of Clinical Medicine in 'the Philadelphia Polyclinic. With 68 
colored plates, 64 text-illustrations, and 259 pa^es of text. Cloth, I3.00 
net. 

Atlas oif Legal Medicine. By Dr. E. von Hofmann, of Vienna. Ed- 
ited by Frederick Peterson, M.D., Chief of Clinic, Nervous Depart- 
ment, College of Physicians and Surgeons, Nev^ York. With 120 colored 
figures on 56 plates and'193 half-tone illustrations. Cloth^ JJ53.50 net. 

Atlas and Epitome of Diseases of the Larynx. By Dr. L. Grun- 
WALD, of Munich. Edited by Charles P. Graysok, M. D., Physician- 
in-Charge, Throat and Nose Department, Hospital of the University of 
Pennsylvania. With 107 colored figures on 44 plates, 25 text-illustrations, 
and 103 pages of text. Cloth, ^2.50 net. '^ ^ 

Atlas and Epitome of Operative Surgery. By Dr. O. Zuckerkandj., 
of Vienna. Edited by J. Chai,mers IDaCosta, M. D., Clinical Professor 
of Surgery, Jefferson Medical College, Philadelphia. With 24 colored 
plates, 217 illustrations, and 395 pages of text. Cloth, $3.00 net. 

Atlas and Epitome of Syphilis and the Venereal Diseases. By 

Prof. Dr. Franz Mracek, of Vienna. Edited by L. Bolton Bangs, 
M. D., Professor of Genito-Urinary Surgery, University and Bellevue Hos* 
pital l^edical College, New York. With 71 colored plates, 66 text-illus- 
trations, and 122 pages of text. Cloth, $3. 50 net. 

Atlas and Epitome of External Diseases of the Eye. By Dr. O. 

Haab, of Zurich. Edited by G. E. de Schweinitz, M. D,, Professor of 
Ophthalmology, Jefferson Medical College, Philadelphia. With 76 colored 
illustrations on 40 plates and 228 pages of text. Cloth, ^3.00 net. 

Atlas and Epitome of Skin Diseases. By Prof. Dr. Franz Mracek, 

of Vienna. Edited by Henry W. Stelwagon, M. D., Clinical Professor 
of Dermatology, Jefferson Medical College, Philadelphia. With 63 colored 
plates, 39 illustrations, and 2O0 pages of text. Cloth, $3.50 net. _ 

Atlas and Epitome of Special Pathological Histology. By Dr. H: 

Durck, of Munich. Edited by Ludvig Hektoen, M. D., Professor of 
Pathology, Rush Medical College, Chicago. In Two Parts. Part I. ready, 
including Circulatory, Respiratoiy, and Gastro-iittestinal Tl'acts. 1 20 colored 
figures, numerous text-illustrations, and copious text* Price, ^3.00 net. 

Atlas and Epitome of Diseases Caused by Accidents. By Dr..Ei>. 
GoLEBiEWSKi, of Berlin. Translated and edited with additions by Pearce 
Bailey, M. D., Attending Physician to the Department of Corrections and 
to the Almshouse and Incurable Hospital, New York. With 71 colored 
figures on 40 plates, 143 illustrations, and 549 pages of text. Price, ^4.00 net* 

Atlas and Epitome of Gyniecology. By Dr. O. Schaffer, of Heidel- 
berg. From the Second Revised and Enlarged German Edition. Edited 
by Richard C. Norris, A. M., M. D., Gynecologist to the Methodist 
Episcopal and Philadelphia Hospitals. With 207 colored figures on 90 
plates, 65 text-illustrations, and 272 pages of text. Price, 1*3.50 net. - 
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New Voffc. A Uniqoe Vo 

THE AMERICAN 
ILLUSTRATED MEDICAL DICTIONARY 

For Students and Ptactitipners 

Edited by 
W. A. NEWMAN BORLAND, A. M., M. D., 

Assistant Obstetrician to the Hospital of- the University of Pennsylvania ; 
• Editor of the American Pocket Medical Dictionary. 

Handsome large octavo, 750 pages, bound in Fait Limp Leather, and printed on 
Thin Paper of the finest quality^ forming a handy voltsme. ' 

This is an entirely new and unique work, intended to meet the need of practitioners and 
students for a complete, up-to-date dictionary of moderate price. The book is designed to 
furnish a maximum amount of matter in a volume of handy size, and at the lowest possible 
co§t. It contains double the material in the ordinary students' dictionary, and yet, by the use 
of a clear, condensed type and thin paper of the finest quality, is only i J^ inches in thickness. 
It is bound in full flexible leather, and is just the kind of a book that a man will want to keep 
on his desk for constant reference. The book makes a special feature of the newer words, and 
defines hundreds of important terms not to be found in any other dictionary. It is especially 
full in the matter of tables, containing more than a hundred of great practical value. A new 
feature is the inclusion of numerous handsome illustration.*;^ many of them in colors, drawn 
and engraved specially for this book. These have been chosen with gfeat care and add in- 
finitely to the value of the work. The book will appeal to both practitioners and students, 
since, besides a complete vocabulary, it gives to the more important subjects extended con- 
sideration of an encyclopedic character.. 

Thifd Edition^ Revised^ Complete Vocabdafy> 

THE AMERICAN 
POCKET MEDICAL DICTIONARY 

Edited by 
W. A. NEWMAN BORLAND, A.M., M.D., 

Assistant Obstetrician to the Hospital of the University of Pennsylvania. 

THIRD EDITION, REVISED. Bound in FtiU Leather, Limp, with Gold Edges. 
Price J $1.00 net J with Patent Thumb Index, $1.25 net. 



The book is an absolutely new one. It is not a revision of any old work, but it has 
been written entirely anew and is constructed on lines that experience has shown to be the 
most practical for a work of this kind. It 'aims to be complete, and to that end contains 
practically all the terms of modern medicine. This makes an unusually large vocabulary — 
about twice as many as most pocket lexicons, and more than any of the so-called " students' " 
dictionaries, which cost much more and are larger and more cumbersome. Besides the ordi- 
nary dictionary terms the book contains a wealth of anatomical and other tables. This 
. matter is of particular value to students for memonzinci^jjgn|ration for examinations. 

W. B. SJf Whers, 

IPhiladelpbia. 
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